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The Legacy of the IGY 


Herbert Friedman 

National Academy of Sciences, National 
R«earch Council 

Mtort note: The following article is taken from 
atiHfk delivered at the 1983 Annual Meeting of 
^National Academy of Sciences in Washington, 

D.C. 

Global Research 
Programs 

We are now at the point of celebrating 
ihrre milestones of international cooperation 
innm-earth research: the lOUili anniversary 
of the First Inienuiiional Polar Year (HW2- 
1883); lire 50th anniversary of the Second 
polar Year (1932—1933); and die 25ili anni- 
versary' of ihe Imernaiional Geophysical Year 
(1957-1958), Credit for the concept of die 
Firu Polar Year goes to an Austrian Lieuten- 
ant, Karl Weypreclu. He expressed the phi- 
Icuopliy of scientific cooperation in ihe Fol- 
lowing bold language delivered in a statement 
to the Hall of the Austrian Academy of Sci- 
ences on January 18, 1875: 

Purely geographical research and Arctic to- 
pography i which until now have stood in 
the foreground of all polar expeditions, 
must, with respect lo die great scientific 
questions, recede into ihe background. The 
answers, though, will uccur only when 
ihose nations pretending to aspire to the 
heights of contemporary, cultural endeavor 
deride, without regard to national rivalry, 
upon common measures. In order lo se- 
cure decisive scientific results, we i equire a 
series of simultaneous expeditions whose 
aims niusl be. through dispersal over sever- 
al points of the Arctic region and using 
identical instruments in line with identical 
inti ructions, to conduct a siniullaiieoiu, 
year-long series of observations. Only 
thereby shall we acquire the material lor 
solutions to those great problems of nature 
that reside in the Arctic ire. and only then 
shall we earn the reward for those uuisiri- 
erable resources that have hilhcito been 
iquandercd in labor, endeavor, depriva- 
tion. and money in the pular region. 

At the conception of the First I'ular Veal 
moil countries had well-established weather 
services and imematioual cooperation among 
these services functioned effectively. Since 
those countries with operating weather seiv- 
ices were mainly in North America and Eu- 
tupe surrounding the Arctic region, dies had 
s common interest in the inlluence of Arctic 
keen their weather |>aUeiiu. Eleven nations 
combined their efforts for the International 
M*r Year with cmpliusis on weather. 

Two nations sent expeditions to high lati- 
cudes vv ilh plans to study the aurora and 
magnetic storms as well as nieieorology. They 
*1 up magnetic observatories and discovered 
interesting correlations Iwtween magnetic 
nwms and auroias. 

Fifty years after Weyprcd it’s First I’olar 
radio science bad come of age and prn- 
v r™ an writing new capability for studying 
,h « electrified regions of the high atmo- 
sphere. Plans had been developed according- 
■1 lo conduct a Second Polar Year dedicated 
pnnianly io study of die ionosphere. 

Ine goals of the Second Polar Year, as stat- 
in iu charter, were to study "the one or 
jwe electrically ennducting layers at great 
wiik j' W ^' are i ,e i' cve( l 1° be connected 
rarandon Trom the sun and the phenum- 
°i the aurora. The aurora in turn is in 
e way associated wiLli die development of 
mJ!| ellC - s,0^lns ■ w bidi form a rinida mental 
Fwiem tn terrestrial magnetism." 

e "™nd Polar Year was to run From 
Unfa** ' to l ^ c ei, ri of August IC33. 

D, rtu . naie| y. those were years of die Great 
fo T ,if ,s ‘? n > antl the most exciting schemes 
F ihc Second Polar Year never came to 
- exa| nplc, the use of Robert H. 
anil rvi rU , 1 roc kcts to send instrunienls aloft 
whF^? C i, l,,e l * iem tn ground. Still, 
he Year began, 4*} nations were com- 


muted to participate. Twenty- two countries 
sent expeditions beyond their borders and 
the number or magnetic stations at high lati- 
tudes was increased from 7 to SO. The practi- 
cal application of radio knowledge derived 
from the Second Polar Year was worth many 
orders or magnitude more than the total in- 
vestment in conducting die scientific pro- 
gram. 

With the end of World War II. American. 
British, and French research teams under- 
took to rocket scientific payloads lo high alti- 
tudes. Until then, direct probes of the upper 
atmosphere had been limited to balloons. 

The idea for a grand campaign of ground- 
based nnd, Tor the first lime, space-based ob- 
servations of the ierrtairi.il environment was 
very appealing to geophysicists. The plan to 
proceed with orgaiiizauon of an International 
Geophysical Year (IGY) look shape at an in- 
formal dinner party in the home of James A. 
Van Allen on the evening uf April 4, 1950. 
Among die guests were Lloyd Bcrkner and 
Sidney Chapman. Chapman subsequently ac- 
cepted die role of President of the Special 
Committee for the IGY and Bcrkner became 
vice-president. They devoted themselves to 
years of planning and promoting what was lo 
become the highest level nf imernaiional sci- 
entific cooperation ever achieved. The special 
committee met in Rome in 1954 to discuss 
national programs and singled out two major 
areas for emphasis, Antarctica and outer 
space. Chapman quickly expanded the scope 
to truly global dimensions. 

From mid- 1957 tu the end uf 1958. 49.(1(10 
scientists and technicians from 87 nations 
worked at 4090 utacrvaiiun stations covering 
the earth from pole to pole. In ils prepara- 
tory year, 1957, 1 1(3 rockets were hiiinclied. 
The cruwning achievements in space were die 
launch uf the Soviet Sputnik in 1957, fol- 
lowed in 1958 by the U.S. Explore! I, which 
discovered die Van Allen Bells. Joseph Kap- 
lan. chairman nf die U.S. Cnmmiitec for die 
IGY. was an enihusiasiic proponem ol the 
new space uipuhililics. Tile Aliiaiclk prn- 
giain involved 12 natkins: Australia, Aigenii- 
iki, Belgium. Chile. Frame, Japan. New Zea- 
land. Norway, Smilli Al'ika, die I'uiled King- 
dom. die United Slates and die Soviet Union 
Fony-eiglii new Millions were established on 
the iiiiiigins and interior of Aiilnntka. 

Aiming its uiil. standing successes, the ICY 
hud a special impact mi auroral research. In- 
stead of the adventurous treks in Arctic re- 
gions by lonesome explorers with simple opti- 
cal instruments, observations were oiganizetl 
mi ;i widespread scale and facilities were c-s- 
niblislicd fin mckcl launchings ,u F««n 
Churchill, Canada. Aui oral mnipltulng) was 
(h)LUinenicd hv an extensive network of all- 
sky cameras dim covered the auroral scene 
I ruin horizon lo horizon. All Lold. there were 
1 14 cameras in ope radon in the Arctic mid 
Antarctic. Hundreds nr thousands uf photo- 
graphs were taken at 1-minuic intervals all 
through the night to reveal the large-scale be- 
havior uf the auroras. Aurural observations 
involved more amateurs than any other IGY 
endeavor. Ahum -13U sky watchers fed I8.U00 
hourly rc|M>ns on standardized forms into an 
Auroral Dam Center at Cornell University. 

By the lime the IGY was completed in 
1958, the power of international scientific 
cooperation in global research programs had 
been demonstrated in the most convincing 
fashion. There has been no thought since 
then of abandoning the style or die organiza- 
tion dial was developed for solar-terrestrial 
research. The IGY of 1957-1958 was fol- 
lowed in 1964 by the International Years of 
the Quiet Sun and in 1976-1979 by the In- 
ternational Mngnciospheric Study. At pres- 
ent, a Middle Atmosphere Program is well 
under way. Other notable successes have 
been die Upper Mantle Project and the Glob- 
al Atmospheric Research Program. 

In the remainder of this discussion I shall 
touch lightly on a number of scientific discov- 
eries and concepts that have emerged in the 
geosciences in the past 25 years and mention 
some developments that hold special promise 
for the future. 
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Solar Astronomy 

The Space Science Board nl the National 
Research Gnuncil was established in June 
1958, immediately in die wake uf the first 
successful saiclliie launches. The Brand sent 
smile 15(1 telegrams in mcmljcrs ol die scien- 
tific community soliciting proposals fin satel- 
lite experiments. When die National Acin- 
naiuks and Space Administration (NASA) 
came inm existence in ( kioher 1958, die 
Space Science Board was ready to oiler a sci- 
entific plan for NASA to implement. The 
earliest successes were in the disciplines of so- 
lar astronomy and particles and fields in die 
neighborhood uf i lie earth's orbit. 

Solar astronomy was die iirinuiy uhjeoive 
of die Skykib mission launched in 197S. Im- 
aging and .spectroscopy in die lull range of 
the spectrum revealed n variety of hm plas- 
mas associated with (lures, prominences, and 
light coronal loops in .suns}>ni regions. In lin- 
early I95i)'s a simplislii' comept held tlial ihe 
corona was u large bag ol sn pel thermal gas 
expanded lo M) f ‘ km above die photosphere 
aguinsi i lie pull ol solar giavii). Ulnasiolel 
and X i, iv imaging through the Shvlah mis- 
sion showed inslead thiit mosi ol die oininu 
is liglilh held io die sun hv a cage in.ignel- 
ic loops. Over die pules and nvci subsi.mti.il 
legiuiis ,u lciwci sola i biiindes gaps «r holes 
ajipeai in the magnciic cage through which 
plasma can Ireely estd])C. 

It may seem very surprising dial we have 
never vet lud a solar lelesnipc in spec capa- 
ble ol going hell ci i>plK.«l lesuluii'in dun we 
cull gel fi-nn die giuinni. even iliiuigh die 
largesi gi mind -based telescopes perform no 
I >eiicr than a 12 inch (3|) cm) telescope except 
under rare seeing coudilinns. Suuspni draw- 
ings by Galileo ai die uini of the ]7ili ceiilu- 
ry anti solar granulation photographs by 
jannsen in 189U are nearly as good as those 
obtained with the best sulm ielcscO|»cs today. 
But diis situation is about to change. A Solar 
Optical Telescope (SOT) to be carried on ihe 
space shuttle, weighing 4000 kg and 7 m long 
with a primary mirror 50 inches (125 Clld in 
diameter, will provide 0.1 arc sec resolution. 
For the first lime astronomers may resolve 
the fine structure of emerging magnetic 
fields on the sun. 

The most recent NASA effort to monitor 
the solar constant began with the launch of 
the Solar Maximum Mission (SMM) on Feb- 
ruary 14, 1980. It carries the most advanced 
sensor developed thus far, called the "Active 
Cavity Radiometer," designed by Willson and 
his JPL colleagues. It has the capability of ab- 
solute measurement with a sensitivity of 
0.001% for rapid variations, and its long- 
term, absolute stability is very good. In the 
first 5 months of analyzed data the evidence 
was dear ihnt.solar luminosity fluctuates from 
day lo day by about 0.05%. On two occasions, 
over periods of about a week, the luminosity 
dipped as much as 0.2%. What is especially 
interesting about the two large dips is that 
they occurred Just as large sunspot groups 
were crossing the central meridian or the sun. 

Results now published through the end of 
1081, representing nearly 23 months of con- 
tinuous record, continue to show frequent ex- 
cursions of 0.05% from average and several 
dips of up to 0. 1 %. The largest drop yet mea- 
sured was 0.23% in July 1981. Over the lung 
stretch of 18 monilts from February 1980 to 
August 1981 there was an average decrease 
of 0.1%. The correlation with the blocking ef- 
fect of itinapoU persists through all the ob- 
serving period. In fact, the greatest dip com-, 
dderf with the passage or the largest sunspm 
group of tho 2 years covered by SMM oj3cra- 
don. Tlie area covered was 6 x 10 of the 
sun's disk— a major Wnck-out for sunspots, 

. Before ihe IGY, Utile was knqwii about the 
region or space beyond the iliqlf of the 
earth'll ionosphere. The earth's magnetic field 
; was thought to resentble that of a simpld bar 
■ magnet, and space bciween sun and earth ; • 
was believed to be a near perfect vacuum. 
Since' the IGY, most or the solniMcrrcslrial 
system has been Sampled in rari exploratory ■ 
Way. The picture (hat has emerged is' remark-. 

a k[nJfij58, feugene N. Parker calculated that-; 
the hot solar corona cnpnbt.be; in static equl- 
. libribm- Ii must expand !as a win<l into Space. 


Skylab images of the sun in X lays and ultra- 
viulcL light showed that magnciic field lines 
over 1 1 ic polar nips are open to space. Plasma 
Rows freely outward in the form of iiigh- 
s|>ced solar wind and gradually turiix back to- 
ward the ecliptic plane. Sii nil ally, die open 
field lines above conm.il holes are an escape 
mute for fast solar wind over much of the so- 
lar disk. If we could Look down on the solar 
pule we wnii Id observe die solui wind .si reams 
muting will i die .sun. Stretched iiuigueiic 
field lines won III he curved into graceful Ar- 
Lliiiiiedeaii spii.ils like jets from a routing 
garden sprinkler. 

Over must of mi 1 1-ye-n solar sumpm cycle 
the magnetic held assumes the spiral tonn ill 
cadi hemisphere bill willi opposite polarities. 
Fmm one cycle lo the next, lire polarities re- 
verse. The oppositely directed magueiii fields 
arc sepanuetl hv a thin tim:cnl sheet (neutral 
luvei) lying close to the equatorial plane « *1 
ihe um. 

II die (low ol wind were sinoiiih and cqual- 
iml from linrli hcmisphcii'N. die i uncut 
sheet would lie in the eiliptii plane, lint (he 
unirrcx of solar wind are noi iiiiilmiiih dis- 
irilmted ninl the eiiiTeiu shed is vv.nped up- 
ward ami downwaid .is Li eslcuds inlo (lie ill - 
lerplaiieiary mcdiuui. Ax a result, die field at 
am [mini in die ecliptic plane is inn siriiriv 
ludial. It ran he posiliie nr i legal ire -u angles 
as large as 311° io the ecliptic. Aticirdiug to 
this tlirec-dinicnsioiiaJ model the warped cur- 
rent sheet cuts u<.ms& die earth like lire undu- 
lating skirt of a pmuieliiug ballerina. At tm li 
l cussing the magi relic pul. nits switches 1 10111 
positive to negative or vice versa. depL-mhng 
on whether the carlli is abuse or Ixrlow die 
current sheet. 

Observations or the sun with cnrmugraplis 
in space have shown a variety of inmsiem 
forms nf plasma expulsion — huge loops, 
spikes and great bubbles. Since IH79, an or- 
biting curumigraph mission. SOLWIND. pre- 
pared by the Naval Research Laburntorv. has 
been acquiring a substantial body of dam on 
coronal transients. The higgcsl transient ex- 
pulsions have blntvn us inuch as!) x IU‘~ kg 
of gas out of die corona. The outward speeds 
have ranged from 15U km s~ 1 10 900 kin s _l . 
About half of ihe major mass ejections are ac- 
companied by prolonged X ray signatures, 
sometimes lasting as much as 9 or 10 hours. 
Shocks in the interplanetary medium that 
travel wiih these blobs of plasma have been 
rreauently observed with the Helios solar 
probes positioned at distances of 60 to 20U 
solar radii above the sun's limb. 

In England, Anthony Hewish has been us- 
ing a 10.8-heuare (4. 5-acre) acuenna farm 
planted willi 2040 small dipoles 10 study the 
scintillation of quasars. Willi this antenna ar- 
ray, pulsars were unexpectedly distovered in 
1967. Plasma fluctuations lie tween the radio 
source and ilie antenna produce the scintilla- 
tions much ns turbulence in Lite lower atmo- 
sphere makes the visible stars twinkle. Hewish 
has been observing a grid of QUO sources each 
day anil can dearly track transient plasma 
clouds from the sun to distances beyond the 
earth's orbit. The combination or corona- 
graph, interplanetary spacecraft, and radio 
scintillation observations gives a comprehen- 
sive picture of transient plasma disturbances 
from 1 heir origin in the sun to their impact 
on the terrestrial environment. 

Earth’s Magnetic Cocoon 

The new understanding of the solar wind 
completely alters the pre-ICJY image or the 
earth's dipole magnetic field spreading sym- 

• 'Article; (tout, on pi 498} 
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Article (coni, from p. 49 ? ) 


metrically into space. The earth’s field pre- 
sents an obstacle in the path of the solar wind 
that deflects the magnetized plasma How as to 
fnrin a cavity shaped like a comet head and 
tail. On the upstream side, ilic "nose" of (lie 
caviLy is E>him anti pushed inward to a nor- 
mal distance of about 10 earth radii ((i5,000 
km) frum the center of the c.mli. Down- 
stream the tail stretches past the orbit of the 
moon, perhaps as Tar as i.iHJU earth radii. 
The huge volume of plasma contained within 
this magnetic bag is called the “magneto- 
sphere." It is filled with charged panicles of 
all energies from those associated with simple 
heat mol ion in hundreds of millions or elec- 
tron vnlw. Because the solar wind is super- 
sonic, a how shuck stands ahead of the mag- 
nctosplicric cavity. In the polar and sub-polar 
regions, the earth's magnetic held lines are . 
"open" to space and offer a direct window for 
entry nf charged particles. 

When the solar wind. blows acioss the open 
magnetic lines of force above the polar cap it 
creates a gigantic natural dynamo capable of 


generating I0 IJ watts at times of solar flares 
by developing a voltage drop of 10 s volts and 
driving currents as great as I O’ amperes. 
Such power is an order of magnitude greater 
than all the electricity consumed in the U.S. 
The pressure of the solar wind varies and 
shapes the size of the magiiciosphcric cavity. 
A sudden increase in solar wind causes the 
entire magnetosphere to quiver like a mass of 
jelly. When the ningiictcispheic becomes 
overloaded with energy from the solar wind a 
"nittgiicmsplierie siibstorni” develops and the 
aurorn brings to light the complex processes 
like a live TV show. At the same time, pani- 
clus are captured by die Van Allen radiation 
lielts. The (Hilar atmosphere under stormy 
magnetic conditions has been described as ,i 
great switchyard for electric current networks 
that flow over and through the magneto- 
sphere. 

The aurora has been a source nf continu- 
ing scientific puzzlement for I GO years. We 
have learned a great deal but a dear picture 
of auroral mechanisms is still elusive. Only 
reten t ly have wc acquired the techniques for 
imaging the full auroral oval frum space and 
the results have been very surprising. Results 
published by Louis Frank of the University of 
Iowa from observations aboard the Dynamic 
Explorer I reveal arcs that span die polar cap 
and fine structure in the auroral oval itself. 

In the first decade of explorations in space 
physics various probes were sent directly to 
escape through the magnetosphere or into 
highly elliptical orbits that made repeated tra- 
verses nf the mag i ic ms ph eric boundary. It 
was evident that such missions could not sep- 
arate phenomena by spatial characteristics 
from temporal variations on lime scales com- 
parable to the speed of traversal. To obtain 
independent spatial and temporal informa- 
tion requires more than one spacecraft in se- 
lected spatial configurations. 

The most recent effort involving a multiple 
array of satellites was the International Sun- 
Earth Explorer USEE) program conducted by 
NASA and the European Space Agency 
(ESA). In October 1977. NASA’s ISEE I and 
ESA’s ISEE 2 were launched into nearly iden- 
tical orbits. As these two satellites chased each 
other around the magnetosphere thev sensed 
the position and movement of the Low shock 
and magnetoslieaih about 130,000 km above 


earth. Where the magnitude field lines 
dragged from the sun by die solar wind 
merged with those of ihc earth's magnetic 
shield, the magnetosphere appeared to suffer 
a ripping of its surface. The solar wind's 
magnetic field merged with the earth's field 
on the sunward side of the magnetosphere 
and tore back die magnetospheric field, peel- 
ing it off inward the dark side of the earth, 
hundreds of thousands of kilometers into the 
magnetosplieric tail. As merging of Lite inter- 
acting fields progressed, die field lines were 
sharply bent, and particles caught inside the 
bends were accelerated as though projected 
by a sling shot. 

In August 1978, NASA launched ISEE 3 to 
a vantage point 1 .5 million km above earth 
where it monitored the solar wind on its way 
to die magnetosphere. Instead of orbiting the 
earth, the satellite executed small circles in 
the gravitational well known as the L] libra- 
don point between the sun and earth. From 
this outpost ISEE 3 sensed the solar wind in 
time to give advanced warning of the out- 
break of magnetic storms and auroras. 

For the next round of magnetospheric re- 
search, space plasma scientists have conceived 
a program called Origin of Plasmas in die 
Earth's Neighborhood (OPEN). Not yet an 
approved mission, OPEN would involve a 
minimum or four spacecraft: (I) the Inter- 
planetary Physics Laboratory (I PL), (2) the 
Polar Plasma Laboratory (PPL), (3) the Equa- 
torial Magnetosphere Laboratory (EML), and 
(4) the Geomagnetic Tail Laboratory (GTL). 
The I PL would be placed in a “halo" orbit 
uniuml the sun-earth L| libration point. The 
GTL would arrive at an apogee location in 
Lhc distant geomagnetic tail by using lunar 
swing-by maneuvers. It would be possible to 
vary the apogee from 80 to 250 earth radii. 
The PPL would start out in a polar orbit with 
an initial apogee at 15 earth radii and would 
work its way in to 4 earth radii 18 mondis lat- 
er. The EML would vary its position from 2 
earth radii to 12 earth radii in the inagneto- 
lail. while simultaneous data would be re- 
ceived from the GTL. With such a variety of 
configurations of the four spacecraft, a great 
variety of couplings in die solar-wind/niagne- 
losphcrc/ionospliere system could be ex- 
plored. 
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HUNDRED THOU3ANO YEARS AGO 


The geometry of the earth's orbit (top) changes over ‘J2.0UO-; 4 1 .41(10-, and 100.0(N)-year 
cycles (center). The curve for orbital eccentricity I racks with changes in global icc volumt 
over the past 730.UUO years (bottom), with the latter determined by the ratio of oxygen-18 

o’ m 1 ^ r r S31 lZcd P lankton - C Figure based on National Science Foundation's Mam 
2-8, 1979, from a paper byj. Inibrie and.J. Z. I m brie.) 


Sun and Climate 


With a host of complex factors operating 
on climate is it possible to identify any control 
that is clearly associated with variability of so- 
lar insolation? A remarkable connection has 
come to lighL th rough the brilliant efforts of a 
Yugoslavian mathematician. Milium Milanko- 
viich. His scientific career From 1921 to 19-1 1 
was totally dedicated to solving the connec- 
tion between the varying shape of the earth’s 
orbit, die tilt of the spin axis and its slow pre- 
cession and the variations in global climate 
over the ap. His goal was to produce an as- 
tronomical theory of ice ages and he succeed- 
ed to a very large extent. 

The changing seasons of the year result 
from Lhe tilt of the earth's equatorial plane 
from its orbital plane. At present, this angle 
of obliquity is 23.5°. but it varies slowly be- 
tween 22. 1“and 24.5°. In the 1930’s, Milan; 
kovitch proposed that this gentle nodding of 
the earths axis would create a 41,000-year 


me eanns axis would create a 41,000-year 
global temperature cycle. Besides moving 
back and forth, die earth's axis of rotation 
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also wabbles. This motion produces a preces- 
sion of the equinoxes, which slowly varies the 
relative lengths of winter and summer. Ac- 
cording to present theory the precession in- 
duces a 22,000-year temperature cycle. Mure 
recent analyses also point toward climatic in- 
fluence stemming from the changing ecccn- 
tridty of the earth's orbit. In a 100,000-year 
cycle the orbit stretches front being almost 
perfectly circular to being slightly elliptical 
and back again. But the greatest range nf this 
effect on the annual solar llux received aL the 
earth u only about 0. 1 %. 

A research project known as CLIMA1' (Cli- 
mate: Long-Range Investigation, Mapping 
and Prediction), conducted by mi inlet naiion- 
al team of scientists in the 1970's, has verified 
the link between climatic change ami orbital 
geometry. The results arc based on new iso- 
tope techniques to analyze core samples of 
ocean sediments that contain it record of pre- 
historic temperature variations. The 22,01)11- 
year precession cycle, the 4 1 ,000-year tilt cy- 
cle, and the 100,000-year eccentricity cycle 
have all been confirmed. Over the last midi,.,, 
years, there is cv, deuce for at lensl 10 major 
glaciations interspersed with several liulc ice 
ages, but the connccdon between terrestrial 
solar flux and climate is not simple 

fi !' m evid . e ? c !. lhal olbi, al factors alone 
S fh l . ei reslnal dim5 *te response in tunc 
with the tce ages even though the total varia- 
tion oi insolation amounts to only 0. 1 % is 

dim-f.f lHe n,OSt pu * zlin B evidence of a siui- 

den, nfT n - neCUQ ! , '. AStr0phj ' sid5ls nre 

o e ^rv-r es oFscdiar evohiti ° n «■ 

cording to which the sun grows steadily more 
luminous with time. Since its birth, the sun 
has grown 40% brighter. Atmospheric scien- 
tists, however, hnd it difficult to reconcile the 
mcreaa,n K lum inosity of the sun 
with their concepts of climate. According to 

SET *** bon dioxide content and 
elative humidity of the atmosphere were un- 

Sfc h lhe "T* of the «£? 

from wkh ice 

ZVA rti b f- F" 1 ag0 becai,ae of 

ne weaker flow of sunlight and heat. But 
several sources of geologic evidence offer 
convincing proof that life has existed on 
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If, lor example, the present CO- cnmeni 
were doubled, it is estimated that the surface 
temperature over most of the earth would in- 
crease by only a lew degrees C. 


Atmosphere, Oceans, 
Lithosphere 


Our understanding of the various regimfi 
of the atmosphere from the thermosphere 
the troposphere has become highly sophisti- 
cated, hill with sophistication has come a r«- 
uguliioii of more and more complex soeniim 
questions. At high altitudes and newground- 
in si lit measurements arc readily feasible, but 
in the middle-altitude ranges we have only 
recently begun to prepare satisfactory pm«s 


A balloon payload designed by Harvard*!- 
enlists cun, by means »l a winch and cant 


lower tin ncronomic laboratory half lire db- 
ranic from the si rat os pit etc to gnjuni h*®’ 


vcuiui-s call the payload the “monkey." 
St, II i van id' The New York Times describe 


Lite world's largest yo-yo, NASA lias plans f° r 
tethered payloads lo be lowered from iw 
space si m nlc clown lo altitudes where are 
drag would make It impossible for a W’ 
iug satellite to survive even one orbit- « ** 
fit lure there should be no regime of ure^- 
mospherc into which laboratories canm* 
introduced for direct measurements- 
Since the lime of the Challenger exp 6 ®”-” 


in 1871, ocean scientists have sought j®*|P 
ii.„ ... — .... i „ -Aii#. nf many dediQi 


CO a to oxygen' bl ohm ? ih V "W#* 1 °f 

sphere very riot in CO, The SlSfe ' - 

house eff« t wduldhavliJS 


the ocean currents. In s|iite of many d 6 ® 
ed efforts lIic deep circulation Is SUB . 
known. Even though oceanographic i™* 
nicnts arc vastly improved, an ocean ograj** 
ship typically moves at about 10 ktiou- 
is much too slow to keep up with aynopw , 
changes. ^ 

Deep moorings and drifters have , 

principal rneasuremem techniques 
past 20 vears. Surface drifters cornro ' . j 
via satellite and deep sea drifters arc Pf 
up by acousUc listening posts. With d 1 _ 
methods it has become clear that IW 
dynamics are every bit as complex 3$ ■ 
the atmosphere. Drifters reveal a pa i - 

basin-wide general circulation’ on 
scale and a variable mesOscale of 
100 km that is the Ocean weather l®^ ^. . 
Then there are 10 km fronts a r nd ' .'it- iiir* : 
nol waves. In die end, energy " onl r ju»^ 
and sun is dissipated at a nullimW^J 
structure. AU these eleineriis of 
are coujiled dynamically and intflt 
collectively as a system. -v- 
Improved knowledge of tiio gen* 
laiion of the oceans is critical tp 0j4 
standing of the earth’s climate ana 


standing is ocean satellite 

altimetry to measure ocean ^ 

terometry to measure the 
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When satellite measureroemS 
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drifters and remote acoustic sensing, 
powerful scientific attack on ocean tlyiiam- 

dements now in planning arc 
lllt Ocean Topography Expei uncut (TO- 
pPV) of NASA and the Navy's Remote Ocean 
Lndna System (ROSS). The World Ocean 
Circulation Experiment (WOCE) represents 
nlanning fora new sampling strategy that in- 
cludes all of the elements I have just nieii- 

^When we understand how the ocean 
moves, we may begin to understand the great 
variability (in space and time) of lift- in the 
oceans and why world climate and its flnciiiti- 
^ are so intimately linked to the oceans. 

The earth is far from the static, unchang- 
ing body it appears to be. It is inure aptly dc- 
jeribed as the "restless earth" — constantly 
evoking because of the steady loss of heal 
from the interior. Global tectonic movement 
proceeds at a creep rate about as fast as the 
growth of a fingernail; drift of the magnetic 
field goes to the point of reversal oil a million 
year lime scale; and earthquake and vulcanic 
aoivity develop catastrophically. 

At the time of the IGY, plate tectonics was 
only a gleam in the eyes of solid earth geo- 
physicists- Now wc are in the midst of a plate 
tectonics revolution already two decades old. 
According to current views, the outer 100 km 
of the solid earth — the lithosphere— is broken 
into about 20 nearly rigid plates. Convection 
currents in the hot, semi plastic mantle under- 
lying the crust lift and crack the plates and 
push them horizontally at the same lime. The 
fighter continental crust rides on top of the 
pines. At mid-ocean ridges, plates drift apart 
and molten magma oozes up lo form new 
Miospliere. Where plates collide at conver- 
gence zones, (he heavier one subsides under 
the other and plunges back into the mantle, 
where it is fused and recycled; the lighter 
continental crust is uplifted to form mountain 
ranges. Tectonic processes hove not only 
ihaned the crust buL also localized mineral 
ana hydrocarbon concent rations. Resources 
are often found in geologic structures in the 
emu that may give rise to anomalies in the 
satellite-observed magnetic and gravity fields. 

The technology for die study of the slow 
creep of plate tectonics has been advancing 
figuratively by leaps and bounds. Very Long 
Baseline Interferometry and laser ranging 
make possible detect ion nf rates of movement 
h small as a few centimeters per year. A 
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powerful new interferometer facility for ra- 
dio astronomy, the VLBA, is expected to 
tome on line in this decade. It is composed of 
eight telescopes arrayed across the cotermi- 
nous 48 states of the United States, one in 
Hawaii, and one in Alaska. Not only will it 
serve radio astronomy, but it will be a power- 
ful geodetic facility that will improve the de- 
tectability nf crustal movements by an order 
of magnitude. 

Since a continental array can be extended 
to intercontinental dimensions, both radio in- 
terferometry and laser ranging lend them- 
selves admirably to international cooperation. 
Already. 14 satellites equipped with reflectors 
have been launched by the United States and 
other countries. Reflectors have been placed 
on the moon, and a space-borne, upside- 
down laser system will be carried on ihe 
space shuttle. The laser in space would range 
down to hundreds of reflectors on the 
ground. As crustal movement forces displace- 
ments of the reflectors relative to each other 
the pattern of return pulses will vary accord- 
ingly. A single, shuttle-borne laser ranger 
could service a world-wide community. 

When it begins service, in 1987, the U.S. 
Department of Defense's Global Positioning 
System will also be able to monitor crustal de- 
formation. Mobile receivers on the ground 
are being developed to determine relative po- 
sitions widi high accuracy in only a few hours 
of observation. 

At the time of the IGY. there was consider- 
able interest in relating solar flares and ter- 
restrial magnetic storms to variations in Lhe 
length of day, but the technology then was 
insufficient to demonstrate convincing corre- 
lations. Over geological time spans the earth's 
rotation rate slows down because of tidal 
forces between the earth and moon. Superim- 
posed oil this trend is a clear, annual varia- 
tion of about a millisecond, directly attributed 
to the seasonal change of angular momentum 
or the atmosphere. On top of this regular cy- 
cle are small fluctuations which may repre- 
sent solar terrestrial couplings. The new gen- 
eration of VLBI and Laser Ranging should 
he able to isolate clearly such sporadic influ- 
ences. Longer-nmge trends may provide 
clues to imci nal dynamics of the earth. 
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Summary 

The success ul the IGY has pioinpied con- 
temporary geosciemists to consider the possi- 
bility of a second -generation IGY, lo which 
we have tentatively given the name Interna- 
tional Geosphere-Biosphere Program (I GBP). 
Biosphere studies were essentially neglected 
during the IGY but concern for the environ- 
ment lias heightened our awareness nl the 
need fur scientific understanding ol atmo- 
spheric pollutants and biogeodietnical cycles, 
and of the links between geophysical and bio- 
logical processes. 

IGBP is still an unstructured concept. It is 
essential time the programs planned be global 
in character to derive substantial benefits 
from international cooperation. The science 
involved must have strong cross-disciplinary 
content to connect the diversity of scientific 
sulidiscipliues that constitute the whole of 
geoscience. 

It is iiossible Lo frame scientific programs 
or a global character with well-defined em- 
phases in several major categories, i.e., solar- 
terrestrial relationships, lithospheric dynam- 
ics, oceans and atmosphere, and the bio- 
sphere. Within each of these major blocks of 
geoscience the value of organized interna- 
tional cooperation is unquestioned. In each 
major block many special projects are already 
planned or under serious discussion. The 
question we raise is whether a general um- 
brella plan for all of these major blocks of 
geoscience can be formulated to enhance the 
cross-disciplinary exchange or ideas in such a 
way that the totality of scientific progress will 
be greater than die sum of the constituent 

^Ifwe search for cross-disciplinary connec- 
tions they turn out to be more common thap 
uncommon. Let me offer some examples, us- 
ing such widely separated elements as the sun 

and the earth. . 

• We learn about the interior of the earm 
from seismology. In the past decade, solar 
physicists have taken tlieir cue from seismolo- 
msra and used observations of solar vibrations 
to learn about the interior of the sun. 

• NASA has on the drawing board a proj- 


S2 Discovered in 
Comet 

The recent approach of comet IRAS-Araki- 
Alcock (1983d) to within 5 million km of 
earth on May 1 1, 1983, was an unprecedent- 
ed opportunity to study processes occuring 
within the coma close to the nucleus of a 
comet {Eos, June 28. 1983, p. 429). It was also 
a formidable observational challenge since, at 
closesL approach, the angular motion of the 
comet was 40° per day. The International Ul- 
traviolet Explorer HUE) Observatory (Eus, 

June 3, 1980, p. 481) operated from the Na- 
tional Aeronautics and Space Ad mi nisi rat ion 
(NASA) Goddard Space Flight Center, was 
able to meet the challenge and provided Paul 
D. Feldman of the Johns Hopkins University 
and Michael F. A'Hearn of the University of 
Maryland with an unexpected discovery — the 
presence of S» in the comet. 

Because or excellent advance planning by 
the IUE Observatory staff, it was possible to 
acquire the comet very quickly, track it reli- 
ably. and begin exposures within an hour of 
the start of the shift. Exposures with the mid- 
uitravinlcL spectrograph (covering 200 lo 3-10 
mn) in low dispersion nimlc immediately 
showed more than a half-dozen emission fea- 
tures between 280 and 310 11111 never before 
seen In comets. These arc visible only within 
a diameter nf - 100 km of the nucleus, the 
spatial resolution of the IUE Observatory 
when the comet was 0.032 AU from earth 
(which is probably why they have never been 
seen before), and have been identified as be- 
ing due to diatomic sulfur (Sa). A preliininaiy 
analysis suggests that lhc production rate uf 
Sit is nf the same order as die pinduaion of 
CS. the only other sulfur compound known 
in comets. As far as is known. Sa has never 
been seen in any other astronomical source. 
Because of the close cntiiincincut 10 the le- 
gion near the nucleus, it seems likely that Si 
comes directly from the nucleus, unlike virtu- 
ally every other species observed in comets. 
Moreover, CS. which is believed to be the 
principal dissociation produce of CS*. was ob- 
served 10 have a much larger spatial extent 
than S 2 , as is expected fur a “daughter” mole- 
cule. 

The discovery of Ss in cometary ice pro- 
vides a new due for the study of the evoln- 
rion ol iIu-vl- until >1 members uf the solar sys- 
tem. I'he short plifModissociatioii lifetime uf 
Ss (estimated at 500 seconds) also makes it an 
invaluable probe of short- ter in variations in 
the activity of Lhe cometary nucleus. A de- 
tailed spectroscopic analysis of the Sa emis- 
sion is being prepared for publication- 

Observing time on the IUE Observatory is 
shared among NASA, die U.K. Science and 
Engineering Research Council, and the Euro- 
pean Space Agency. 

This news item was contributed by Paul D. 
Feldman of the Department of Physics. Johns 
Hopkins University, Baltimore. AID 21 2 IS. 


Love Canal 
Questions 


The Environmental Protection Agency 
(EPA) conducted a 3-mondi monitoring study 
of the Love Canal area near Niagara Falls. N. 
Y., after the federal government pronounced 
that a potential health risk existed due to 
chemical waste dumps. In 1982 the Depart- 
ment of Health and Human Services (HHS) 
decided lltat the area was habitable, subject to 
implementation of effective safeguards 
against leakage from the canal and to clean- 
ing up of the contaminants. Now, the Con- 
gressional Office of Technology Assessment 
(OTA) has announced that, with the Informa- 
tion available, it Is noL possible to demon- 
strate with certainty that unsafe levels do nol 
exist within the so-called "emergency declara- 
tion aren" (EDA). • , 

The OTA findings can be summarized ns 


The cxjicriencc gained in the analysis of 
Love Gannl may be valuable in the use of the 
“Stipcrfund" created by Congress to dean up 
hazardous waste sites. Some 1(5,000 uncon- 
trolled, hazardous waste sites have been iden- 
tified nationwide. The OTA Technical Mem- 
orandum (#52-003-00917-0, U.S. Govern- 
ment Priming Office. Washington. D.C., 

1983) contains the analysis. In summary, 
monitoring guidelines must be established as 
follows: 

(1) Examine the “Mow dean is dean?" 
questions, and develop standards for unac- 
ceptable levels of contamination by toxic 
chemicals. 

(2) Obtain more in formation on the health 
effects of toxic chemicals, and better define 
the federal decision making process concern- 
ing habitability and relocation of residents 
from uncontrolled hazardous waste (3) Devel- 
op technical guidelines for monitoring stud- 
ies, particularly for sampling and analyses, 
and for the way results arc presented and 
documented. 

(4) Consider replacing waste contain metit 
"interim solutions'' with more permanent so- 
lutions for cleaning up uncontrolled waste 
sites, and improve oversight by F.PA nl state 
implementation of chosen remedial anion 
programs. 

(5) Explore answers to problems of long- 
term institutional effectiveness such as mech- 
anisms to assure iiulefinile fn tiding for oper- 
ation and maintenance uf waste Loiiiaimncnt 
systems . — PM ft 

Color Experiment 
in JGR-Red 

A special issue ol the red section of the 
jvinrmi nf tieufdiysiral li f search that will feature 
liberal use of color at spcci.il 1 educed rates is 
Ijcing planned for July 1981. The first goal is 
to determine the need for culm graphics 
from authors’ and leaders' viewpoints. The 
second goal is to gain experience with econo- 
mies of scale so that realistic page charges can 
be set. 

Figures should be submitted ill the final 
size. JGR page maximum dimensions are 17.3 
cm x 24.3 cm. Both the figure anti the cap- 
tion must fit on the page. 

Regular JGR page charges will appls lot 
text pages. Special rates for the color pages 
apply to this issue only. 

• If press-ready color separation negatives 
and a color proof, such as a Crumalin, aie 
supplied, the cost will be 3 1 7(J per page of 
color. 

• If black and white prims of perfeedy reg- 
istered, nonscreencd, solid line work where 
each color tone is or equal density fur up <o 
four primer's colors and a color proof of the 
composite are supplied, the cost will be S225 
per page of color. 

• If individual 35 mm slides of |ierfecily 
registered, non screened, solid tine work 
where each color tone is of equal density for 
up to four printer's colors and a color proof 
of the composite are supplied, the cost will be 
$310 per page of color. 

• If original reflective an work that needs 
to be color separated by AGU is supplied, the 
cost will be $580 per page of color. 

Submit your papers with two sets or color 
figures 10 Gerald Schubert. Department of 
Earth and Space Sciences, University of Cali- 
fornia at Los Angeles, Los Angeles, flA 
90024 (telephone: 213-825-5665). Please be 
sure to identify your paper as a submission 
for the special color graphics issue. Normal 
JGR review standards apply. 

For further information about supplying 
color for diis special issue, contact the AGU 
Publications Office at 202-4 fi2- 6903. 

News . fcowl. on p- 500 J 


gists ana uscu ", . rollows’ 

to learn about the intonor of die su . , Current aedvities and long-term plans for 

• NASA has on the draWMb )PJ cleanup and operation and maintenance 

« called "SLarprobe! f Canal remedial acilon program 

within 4 solar radii in a highly eroe nol en Hrely satisfactory. 

and measure the mass r , Desl g n of the EPA monitoring study, par- 

lar interior jdat as fj, 6 • ifcularlylu sampling strategy, was inadequate 

the earth and lunar brbhers for m dclecl the true level and pnttern of toxic 

• Solar magnetism; Is brficwf leri . coniaminalion that might, exist In the .EDA. 

spin and convection miich aswe ueuc. i , EI^/Vs monitoring study contains tmpor- 
restrial magnetism Solar : rant uncertainties over the levels of the toxic 

convection In. the earih ; chetniLs delected and the possible levels of • 

magnetism reve 7 M .^ n ry J^&7 iin Uar- . those not detected. There are also uncertom- 
ihagnetwni every million A ■ £ ties about possible? synergistic human health • 

ities, ip principle, of the physical .process ■ effects 0 f multiple toxic chemical? present at.-, 
are impressive. • • ■ r~\ v - -L i Q w concentrations. These two areas qf upcer- 

: Unlike the; IGY, which W8S pb" s i- . as we j| ag the lack of detailed docu- 

less than 2 yeani tht lfl?P msmyof ^ mfcnUOkin. by HHS of its i/. 1 

to cover one or W <, r e 1 HHS’s decision on habitability lifdoubfi . . 


spin ana convection . . 

restrial magnetism derives f % ra ^‘‘°^ nd 
convection In the earth’s liquid core. Spiar .. 
SS reverses every 22 yeara, terresfrial 
magnetism every million years, Thewj^ ' 
iuesjp principle, of the physical , processes , 


OTA's analysis of. the data obtained in ■ 


.the year*! 1 4 we shqulfi. ^.to .. Y,,. . ^ ^ toxic qhehiicals, froth ) 

-again.- ^ i 


i may be dontamlnafton in (lie 
lefnicals. fronV love Canal. . . . 


Lecturers for AGU 
Science and Policy 
Seminars Sought 

AGU is es tablishing rt series 
of Science and Policy Seminars. 
AGU members .who have worked 
with public polity issues in- 
volving geophysics are invited 
to share with university students 
arid facul ty their experiences, 
insights, and expe;rtise; For : 
guidelines on this new arid ex- 
dting programand application , 

information, write or call: ■< 

... . . . .. _ | ! 

AGU Member Programs 
. iQOOi Florida Avenue, N-W. . ; 1 
, . i Washington, D.C. 2(K)09 , : 

. • '■ ^-6903’!^;. 
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News (coni, firm p. 499) 


Geophysical Events 


Tl*w ia » summary ni SEAN bulletin. «Y(G). 
June 30, 1983, a publication of the Smithsu- 
nian Institution. The complete bulletin is 
available in the microliche edition »>rifru as a 
microfiche supplement or as a paper reprint. 
For the microfiche, order document E83-007 
at $2.50 (U.S.) from AGU Ftillillnient, 2000 
Florida Avenue, N.W., Washington, DC 
20009. For the |iaj>cr reprint, order SEAN 
Bulletin (giving volume and issue numbers 
and issue date) through AGU Separates at 
the above address: the price is $3.50 for one 


just within the Hawaii Volcanoes National 
Park about 15 km ESE of the summit caldera 
rim. The same vents had been active inter- 
mittently since early January. 

“Lava fountains of the 'fourth phase were 
first reported at 1025 on June 13, At midday, 
a 100-m-long line of low fountains was feed- 
ing flows to both NW and SE. The NE end of 
the vem quickly became the major locus of 
lava production, and an aa flow fed by a vig- 
orous river of pahnehoe began extending SE. 
overlapping the late March (phase 3) flow. A 


overlapping the late March (phase 3) flow. A 
steep-sided spatter cone 30—10 m high was 


me a Dove address: Itic price is >3.50 Tor one 
copy of each issue number for those who do 


not have a deposit account, $2 for those who 
do: additional copies of each issue number 


arc $1. Subscriptions lo SEAN Bulletin are 
available from AGU Fulfillment at the above 
address; the price is $18 for 12 monthly is- 
sues mailed to a U.S. address, $28 if mailed 
elsewhere, and must be prepaid. 


Volcanic Events 


Kilauen (Hawaii): Lava flows and spatter 
cones produced by 2 new phases or E rift 
rone eruption 

Etna (Italy): Lava production continues but at 
lower rate: central crater explosions; lava 
temperatures 

Veniaminof (Alaska): Lava flows inch holes in 
caldera ire; itirreascd tisli emission 
Mt. St. Helens (Washington): Lava tlttin? u in- 
ti lines to grow 

Long Valley (California): Earthquake swarm* 
but no deft i i*i nation changes 
Bulusau ( Philippi tics): 2 small phreatic explo- 
sions From summit crater 
Langila (New Britain): More frequent vulca- 
nian explosions 

Manam (Bismarck Sett): Seismicity stays high: 
emissions, noises lessen 
Ulawini (New Britain): 5 periods of vulcanic 
tremor 

Ruapehu (New Zealand): Like water charac- 
lenities unchanged; dellatiou 
HI Gliichrtn (Mdxicn): Slight decline in strain 
spheric aerosols; long-term lidar data I rom 
Germany and Virginia summarized 
Atmospheric Effect j: Fresh volcanic material 
sampled in lower stratosphere; lidar data 
shows new layer near tmpop.uisc 


Kiltutea Vnlenno, Hawaii, USA tl9.42*\\ 
155.27‘W). All time t are lorn! (= UT—ft)' 
hourtL Hie follow jng report is from the 
LLSG.S Hawaiian Volcano Observatory; 

"The fourth and fifth major eruptive 
phases of Kilauea’s E rift zone eruption oc- 
curred during June and early July and pro- 
duced 3 new major lava flows that extended 
SE down the S flank of Kilauca volcano. The 
eruptive vents for both episodes were located 


built at the source of the flow, which cascad- 
ed over a spillway 1* to % of the way up the 
S side of the cone. A low fountain, up to 
about 20 m high, rose from the lava pond 
that filled the interior of the cone to the level 
of the spillway. 

“Discharge or lava was estimated to be ap- 
proximately 100,000 mVh. The main flow ex- 
tended about 7.5 km SE from the vent and 
covered approximately 1 .5 million m 9 . Its 
from advanced from about 30 to 200 m/h. 
Following the National Park boundary, die 
flow entered the Royal Gardens subdivision 
only locally and no homes were destroyed. 
Phase 4 ended abruptly at MIS oil June 17. 
Ljkc previous 1983 lavas, the pltase 4 basalt is 
slightly porphyrilic with small phenocrysts of 
plagioclase and olivine. Lava temperatures 
measured by llicrmucnuplc ranged from 
1 1 IS lo 1 132°C. 

“Phase 5 began on June 29. At 1000, a pool 
of lava was seen slowly rising inside the main 
vent or phase -I. At about 1300 lava produc- 
tion became vigorous, and phase 5 lava cas- 
caded over the earlier spillway and began 
flowing SE within Lite previously evacuated 
phase 4 channel. Lava production quickly 
reached and stayed at a rate of about 100,000 
inVh, and an aa flow began advancing SE 
over the basalts of phases 3 and 4. Advancing 
at average rates ranging from 80 to 165 tn/li. 
the flow front entered the NW part of the 
Royal Gardens subdivision at 1919 on July I. 

It Anally stopped 8 kin from the vent at 
about 1030 on July 3, after destroying seven 
dwellings and cutting off four others from 
mail access. The average velocity of the flow 
moving down the 4-8° slopes nf the subdivi- 
sion was 56 m/h, but the actual velocity 
ranged from 0 to 30 m/iniii. Periods or stag- 
nation up to a few hours long alternated with 
rapidly moving surges dint advanced the flow 
"■out by 100-300 m in 30 min. 

At about 1600 on June 29 □ satellite vent 
on the W flank of the main vem began erupt- 
ing. For the next 24 hours it supplied local 
pahnehoe flows iIi.il extended about 1 km N 
and NEof the vent. Then the satellite vent 
slopped feeding flows to the noitli and began 
to feed an aa flow that extended A kin SE 
along the SW edge of the phase 3 and 4 
flows. It. too, was fed by a pahochoe channel; 
the front of this flow advanced at average 
rates or 70 Lo 110 m/h. 

“Fountain activity at the phase 5 vents con- 
structed a pair of juxtaposed spatter cones 


about 40 m high. Lava pnnd .surfaces within 
the 2 vents were 20-30 in above die Ikisl-s of 
the cones. Spatter was ejei led lo ahum AH in 
above the pond surfaces, and Imiiitaiiiing was 
more vigorous than in phase 4, which sug- 
gested that the phase 5 magma may have 
been less depleted in gas. Measurements tty 
thermocouples gave lava temperatures u( 

1 127-1 129°C. Basalt collected near the end 
of phase 5 may be com posit ionally different 
from lavas erupted in previous phases. Milli- 
meter-size olivine plicnucrysis are ahund.«m, 
and plagioclase phcuuu-ysis are rare. Lava 
production at the vents snipped at "7 17 on 
July 3. 

“Water-tube tilt measurements at the sum- 
mit (Uwekaliunn) showed small hut distinct 
episodes of deflation that correlated with 
phases 4 and 5. Minimum volume loss at the 
summit was estimated to be about 14 x Iff 1 
m* for phases 4 and 5 combined. Very low 
level harmonic tremor lias characterized the 
periods between eruptive phases. On [mie 
13, coincident with phase 4, tremor increased 
during the period from 0500 to about 1 100. 

It remained constantly high until 14U0 on 
June 17. Again, coincident with phase ft, 
tremor amplitude increased beginning at 
about 0900 on June 29, remained high 
through the eruption, and dropped dramati- 
cally from 0713 to 0720 on July 8." 

Robert Symonds measured a rate ol'SOz 
emission from Kilauea of 7200 tonnes/d from 
the ground on June 30 and the same (lux 
from the air on July I . 

Information Contacts: Edward Wolfe, Ar- 
nold Okamurn, and Robert Koyanagi. USGS 
Hawaiian Volcano Observatory, Hawaii Vol- 
canoes National Park. HI 96718 USA. Robert 
Symonds and Tom Casadevall, USGS Cas- 
cades Volcano Observatory. 5400 MacArtliur 
Blvd.. Vancouver, WA 98660 USA. 


1 31URTN , Ofi.lUTW | , included particles^ 

'I- 1 micron to 20 

irons in diaim-n-r: fr agments 

■; SSI'S* 

droplets, plus a lew glass shards fo??' 

«l Skh. and parti, leso! 
hie. The, upper oxide-zi.Kxid^ 
were similar to those found in preSSS 
trail samples ol volcanic debris . witX 
iictcns! tc 2:1 C„ Zn ratio. During (fit 

from Topeka southward to Palestine 

turns ol vnh ante material were leu than 
April 

els. However, (lying noulmard framC? 
to the U.S.-( .uuudu bonier (4PN) fl* 


day. parti. Ic content ration, were subai 
higher, and the debris included many bn? 

(rat' met i is. ' 


Atmospheric Effects 

Recently erupted volcanic material from an 
unknown source was collected at 18-19 km 
altitude over the western United States lim - 
ing a series of flights by a NASA U-2 aircraft 
April 22-29. Samples from an April 22 mis- 
sion flown at 37°N from near San Francisco 
(about 37.7°N, 122.5°W) to Topeka, Kansas 


fragments. 

rite source of the volcanic material rt 
mams uncertain. The samples were n« 

W’ ,in,ilar ^ K,a collected from the 
“ iicnwol cloud, and Raymond 

Cliiiun added (hat the large size of some of 
the particles suggests lhaL the eruption unfa 
lily occurred no more than about 2 month 
before the late April flights. Some larger 
des had been (mind in July 1982 sample 
froin (lie El Cliklion straluspheric cloud ba 
none were retovereil during flights in No 
veniber 1982. Ghuan also noted that a mid- 
to higli-iu ii them latitude source Tor the Apri 
1983 material is suggested by the higher t» 
cent rat ion of volcanic debris on more Midi, 
cru flight paths. No observations of early 
1983 eruption clouds large enough to pw 
irate the stratosphere have been repond a 
SEAN. However, the largest clouds from ibt 
April 8 eruption of Asama (Japan, SfrHV. 
138.53°E) were produced before dawn and 
were not observed (see SEAN Bulletin. 5- 
4)). Ashiidl fr-otn this eruption extended 
more than 250 km to the ENE, reaching the 
coast of Honshu. Large plumes from Etna 
(Italy. 37.73°N, I5.(H/°E) have been ohsentd 
from the gioimd and on satellite imagery 
dining the cmpiiuii that began March 28 (sc** 
SEAN Bulletin, .V(3-D)). 

Information Contacts: Raymond Chuan, 
Brunswick Corp.. Costa Mesa, CA 92626 
USA; David Woods. NASA Langley Rntank 
Center, H.iinpinti. VA 23665 USA. 


Earthquakes 


June 1 1 
June 21 
June 24 
June 24 


I'intc, 

UT 

Magnitude 

Uit iiu tit- 

laitigiltult.- 

Ml-] uli 

Ilf FlM lIS 

0310 

5. 4 uti.* 

36.26’N 

li!H.47*W 

2 km 

0626 

6.9 M, 

4 l.25 a N 

1 39.26' K 


0718 

6.6M, 

2I.7H“N 

103.37*1-; 


0906 

(i.f»M, 

24.32°N 

1 22.fi8*K 

xlialluvv 


(lent. California, TOA 
Sea ol Japan 
NW Vietnam 
E of Taiwan 


•5.0M l , University of California, Berkeley. 


Information Contact: National Earthquake 
Information Service. U.S. Geological Survey, 
Stop 907, Denver Federal Center, Box 2511-16 
Denver. CO 80225 USA. 


Meteoritic Events 


Fireballs: Germany; li central, SE Michi- 
gan, mid- Atlantic, W Oregon, USA. 



Solar Variability, 
Weather, and Climate 


National Research Council, Stud, in Geobkv 
National Academy Press. Washington, D.C., 
1982. 


Reviewed by A. Berger 


Solar Variability, Weather, and Climate reas- 
sesses the question or solar variability and its 
effects on weather and climate, taking into ac- 
count new measurements and more recent 
theories oF the earth s atmosphere. The pa- 
pers. which make up this book, were present- 
ed at an American Geophysical Union meet- 
ing in December 1978. Besides a review of 
Uie current basic knowledge on the topic, 
fundamental questions requiring additional 
research form the basis of die conclusions 
anti recommendations. 

Eight papers, five staling die background 
and three the possible incchniiisins, comprise 
the book. Solar, weather, and climate variabil- 
ity and evidence or the effect of solar varia- 
tions on the atmosphere are reviewed. Solar 
variability is recognized to exist at different 
lime scales (from ml mites to decades), and 
these variations cover a broad range or the 


spectral i rrad la nee (from X rays and extreme 
ultra viulct to the centimeter wavelengths), 
Regarding mini luminosity, flic pans of the 
solar constant that are known to vary consti- 
tute less than 1% of the total budget of ener- 
gy lhul 1 « cartl > receives from the sun and is 
tar less than the total energy required to 
force direct changes in atmospheric circula- 
tion. Moreover, the variable portions of the 
solar ouipuL are mainly absorbed or dissipat- 
ed in the upper atmosphere. Thus, for 
known solar changes to perturb flic dynamics 
of the troposphere they niust work through 
median Unis (hat are complex and indirect. A 
number of such possible dynamic, radiative. ' 
chemical, and elect rical cou plings of solar in- 
puts through various regions of the atmo- 
sphere are discussed in chapters 6, 7, and 8. ; 
; .The revival jn both weather; ahd climate’ /' 


pred|ctlons requires undoubtedly a deeper 
physical understanding of the causes of atmo- 
spheric variability. Because or the obvious im- 
portance of the sun, which drives the earth's 
atmospheric circulation, research in solar 
variability has always been popular. However, 
models trying to relate solar activity (usually 
understood as short-term variations in the 
output p r the sun) to weather and climate 
variability are Few, are oversimplified, or are 
only descriptive. Statistical studies failed to 
pve unequivocal answers to the impact of so- 
lar variability on either weather or climate* A 
very small percentage of die climatic variance 
can be explained, and apparent correlations 
have failed when tested with different data 

SCtSi 

Critical examination of most of the invesli- 
gallons published up to now show clearly how 
much the following needs must be met* (I) 
use of adequate statistical tests and of power- 
ful objective techniques or data analysis: (2) 
an improved theoretical understanding of the 
inherent causes of solar variability anti of die 
relationship between the terrestrially impor- 
tant outputs or the sun and the easily ob- 
served indices of solar activity, such as the 
sunspot number and cosmic-ray modulation; 

(3) a better knowledge or the real variability 

or,ota r i„p U „ to rarlh ., Mmospllere; / nd 

(4) full understanding of the coupling be- 
tween the upper, the middle, and the lower 
atmosphere. 

These needs are at the basis of the princi- 
pa! conclusions ami recoriiniendations of the 
National Research Council panel dm ( 1 ) the 
JJfJjS of sun-weafher and sun-climate rela- 
tionships should be approached from more 
fundamental physical directions and Ad- 
dressed in the broader Framework of solar- 

lC !I?or l I P ,,J ? ,C, ,? nd atmos pheric sciences * 
and (2) related reliable dntja must continoiisly 
be gathered, extended, and carefully ana- 
lyzed wiili abjective mathematical tools In or- 
der to allow an appropriate formiiliukm and 

modeling or (he physical driving itocdianistm. 

In brief, tills study provides an excellent " 
ow|rview. of' the highlights ind a critical anal, .*.,- 
ys|i of ftq iinportdirt and' diftculi subject in. - . S 


dimate that has given mid probably will con- 
unue to give rise to much controversy. 


Berger is head of the Institute of Astronomy 
and Geophysics Georges Lemailre of the Catholic 
University of Lauvahi-la-Neuve, Belgium, 


Atmospheric Turbulence 
and Air Pollution 
Modelling 


phciinniciiii arc only lificfly discussed. 

I lencc, the subject mailer docs not alwap 
flow smoothly from one chapter to theneu 
In my opinion, sonic additional n,atc ? s L,i 
should also lie included, such as: the he*" 
rolls and Bcnard cells in PBLand 
dice on diffusion; comparison 


spiral and the real wind profile in the 
iivp linnhflurv hivpp' tire influence ot the 


n I'.M. N L eU ' V ! ladt and H - Van D °P (Eds.). 
$43 50 dC ’ Hl,,gl,am ' Mass - 370 PP-. 1082, 


Reviewed by Wev-yih Sun 

eUfoari* inJ. Tu ? ulnce 2 nd Mt Pollution Mod, 

rou^ a?Thl. H rr ° m “ Septembcr 1981 short 

“ nri ^ n The . ” a 8 ue Presented by seven out- 

romb nlt SPeC J a - 1SlS ' The niaterial * as 
combined and integrated by the editors. 

ce J e Sr ch ?P lers cover the basic con- 
cepts, fundamental equations, and similai itv 

tes lhe P' a,,elar y boZia^ 

layer. They provide a very important back- 
ground for succeeding diapters. The first-or- 
der and die second-order closure schemes are 

ome^n V^^ 3 - ° bservalJ onal phe- 
nomena or free convection have been exten- 
sively covered in chapter 4. The subsen n pm 

S' 


live lioiindary layer; the influence ol inf 
izontal in homogeneity on the turbulence * 
ergy spectrum as well as the turbulence p 
rmnetcriznlion; and the numerical Simula® 
of nir pollution thruitgh a second ( -orner 

sure scheme. It would also be helputl to 
problems and answers at the end or e* 
chapter. .■ 

When used under liie guidance j 1 !. ^ 
structor and supplemented by original 
lure, this book would definitdy be a K 
text for graduate students who aWMT 
some background in fluid dynaptiri. _ _ 
meteorologists and environment sc j o ^ 
this book can be used as a review ana a g 
to recent literature on the subject 

In summary, I belieVe that the w ^ 
accomplished their goal: “To bring o* ^ 
er up to date on recent advances In 
layer meteorology and to pave tlie jw 
applications in air pollution disperst y? .. 
lems.” * *■■■■-.' 


Wen-yih Sun is with (he Deparimtnt : 

etices, Purdue Unii’enity, Wat 
47907. .i 


The Natural 


Geochemistry of Our^ 


Environment 


■i • a; Jat ■!• 

D. H- Speidej and A;; !■; Agnrtr. \ 

Nat. Ra. and Enirgy Mhnagemlnf,y[ . 
Boulder, Colo., Slv.^-214 PP" 




Reviewed by Bryan Orggor 1 - “ • :y. ■ ^ -i 

•• Thlssinallwork seUOUt"to' 
overview of (he cttytl)', 


«rt D ,i,ts 10 g*in ™ appreciation |»f Iwjw and 
tlie work of scientists in other dtset- 
can be applied to cartl.-stiei.ee ,jrol.- 
fm.-and to “provide an overview or die nni- 
geochemical behavior of elements lor the 
Lusts in th«e other disciplines so th.it 
,h« in Lunt, can use the work ol earth rfteu- 
L for their own problems.” If these unde- 
nably worthwhile aims have already been 
achieved in large measure by such lanuliar 
gtrurrs from the past as Vernadsky. 

Bolwwxl, Goldschmidt, and Holmes, there is 
nonetheless some justification for this nther- 
unpretentious little book, which ill fact 
focuses its attention on the chemical elements 
important lo life. It contains a good deal of 
information, most of it reasonably up to date; 
jrwna its most useful features are compila- 
tions of hydrographic data (mainly from 
Browzin, Meybeck, and Baumgartner and 
Rudd) and of data From several recent |iul>- 
foiiom on the chemical com posh ion of land 




pliuus and Uti the global distribution of bio- 
mass and productivity. There are good expla- 
nations or die hydrologic cydc and of tlie ef- 
fect of pH on the mobility of chemical spe- 
cies, and the chapter on soils is satisfactory at 
die elementary level to which it necessarily 
adheres in so short a treatment. Each chapter 
is followed by a comprehensive list of refer- 
ences, and the index is adequate. 

Unfortunately, the writing is. on the whole, 
sloppy, with many rambling passages like the 
one quoted above. More careful attention to 
style would have made the text dearer and 
migliL have saved enough space to allow in- 
clusion of some topics that are regrettably ab- 
sent, such as atmospheric trace-element 
chemistry ami the chemistry of underground 
water. In chapter 5 the discussion of marine 
sediments does not distinguish between conti- 
nental margins and deep-sea floor: and Fig- 
ure 5.5 (a map of deep-sea sediments in 
which the ocean floor extends right up to the 


coastlines) shuws that this is no mere Inputs 
calami. Pointless terms like ‘'lilhcigeimiis” lor 
“dciriial" anil "hydrogenous" (already taken 
by Hamilton in 1791) for '‘aiiihigcnic" were 
better not perpetuated; die same probably 
goes for “geochemical ecology" (p. 2), an 
expression sure to make Haeckel turn in his 
grave. A good many uf the figures are foully 
designed, and some have lettering mo small 
to be read in comfort by this aging reviewer. 
The epilogue is a vague homily about accom- 
modating our lives to the earth’s geochemical 
cycles; the nature of the “moral dilemma," 
and die means by which we might escape it, 
remain obscure. 

Get tills book Tor its tables if you don't have 
access to the primary sources. 


Bryan Gregor is with the DejHiUment of Geologi- 
cal Sciences, Wright Stale University, Dayton, Oil 
4J4J5. 
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POSITIONS AVAILABLE 

rtjdrogedogist, Hydrologist, or Water Resources 
PJuiow. The Kansas Ocolcgical Shuts*, a division 
olThe University of Kansas, solicits .ipplkaiimu fur 
J h)drogrolQgisi, hydrologist, ,ir water iesiiuri.es 
pbnncr. Permanent, iiill-iune jiusiiioit xiilijiii m un- 
nmliesicw. Salary Range: $2n,OUU-$3(i,imii per 
leir. drpcndiiiB u'n qiinHlicaliiiiis. Ke>|iiiied iiualili- 
rvwni: Nlasrcrs degree in liyilrfweolngv. Iivorolo- 
P, or related w-atcr resources held. Oniisc w*>vk in 
uwtiical hydrologic modeling and capability to 
apply these models to different hydrologic and wn- 
ttr planning problems lo uarticiilar areas in Kansas, 
nclerred qualified lions: Pli.D. degree ill one ■■( die 
«me fields, ami 2-3 years of research cxiierieiwe 
m haicr resources related suidiei. 
necdom io condiia research within i lie frame- 
'be KGS Gcniiydr nlngy Sect inn's programs 
“oiupporl of a university environ mem. Oiiporm- 
rar graduate study or teaching; and fully iuiul- 
Mmeardi opportunities in excellent icseaich facil- 

Coniaci Personnel Manager, Kansas Ceu logical 
Mney. la30 ConslaiiL Avenue, Campus West. The 
9iWR? l jn2^ 'Y 11 * 35, Lawrence, Kansas titio-11 (Hi. 

* or A'** |»* s ilioii descriplinii, or io ap- 
W.Knd resume, college muiscriiils, list of puli- 
an ^ 'Iwcc letters of refereme. Pri- 
to iiijplic.it ions received by OlIo- 
Appliraiiuns will be aeceinerl and 
JJ-pr ifiiny clays ihereaficr until the pnsi- 

«® l ' Nll ™"' ,K * IATIVt 

*n Marino Gcoscionrc/Unlvcr- 
Rhode Island. 'Ilie ('.tailitaie SlIkm»I ul 
^.,® ra iP h y invites apnficaiiims for a rcscarrli 
111 Marine GeosLieiuc whose salary 

I’rereienue will be given to 
uvd • 0 l re Nearly demonstrated ahiliiics 

lIlMIl*l^ l 4!^. , “ ,l1 no1 necessarily limited lo palco- 
“Pieiiim. The uosilum is funded by cunt rails anti 
KnJiv 'V research professor holds Tull 

^raaonoi U r' n -M^ dll,on lo °"’ cr benefits. The pa- 
Fac 'l"y ai GSO is fully cmiiupcd. fully 
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Microbial Oceuiographer/Univenlly of Washing- 
ton. A junior-level taailiy pouiion is available Fur 
a biological oceanographer experienced in microbial 
ecology in the broad sense. i.e.. encompassing stud- 
ies ut bacteria, phytoplankton, phylobcnihus and 
niicrozooplankton in the contexts of their environ- 
ments. A Iwlancc of field, lalnnuory, and theoreti- 
cal experience will be favored, as will interdisciplin- 
ary tics to other branches or oceanography. Teach- 
ing at the graduate and undergraduate level will lie 
emphasized, and die successful candidate will be ex- 
pected to develop a funded research program. Ap- 
plicants should send a viia, pertinent reprints, ami 
the names of four references to Dr. Brian T.R. Lew- 
is, Director. School of Oceanography. WB-IG. I'ni- 
versiLy of Washington, Seattle, WA 9B195 (tele- 
phone: 2U6-543-M87). The dosing dale For applica- 
tions is October 15, 19R3. Oceanography 
Advertisement Nrc 831. 

An Equal ( lpporiiiniiy/A(Tn maiive Action Em- 
ployer. 

Oceanographers. Assisi.ini I'mlcssor, tenure ir.iik 
pijsitinii fur applkants with icceni IMi.D. and luiii- 
petencc and interest in marine r.idinaciiviiy and 
trace metal biogcucheinisiry . Duties will im.ludc ile- 
vciupiiieiil of research projects and some leaihinu. 
SalaiT negotiable depending upon experieme .met 
iiiialilicaiKJiiv. Subniii resume ami names and ad- 
dresses of ilnee refereiicc! by I Scplciiiber 1 ‘JHJ hc 
li. Ross Heath, [lean. Sehoulot Ocejungr.iphr. Oi- 
egon Siaie Univcisitv, Corvallis. DR 5*7351. 

An AA/EEO Employer. 

University of Colorado, Boulder, Geochemist Posi- 
tion. (ieutlieinisi will; active lesearch pmgruin. 
stable isui'Jii'-'s. i .u.liuarlivc Lsoiu|jes. .iikI/ui I race ele- 
incuts is being sought fur a joint H]ipoiinniciii in die 
Depiirinieiit of Geological Sciences and die Cooper- 
alive Insiituie fur Rrwuirh in EnvimimmiMl Sm- 

ences <1 IRfSt ol lhe L imercm “J i 

I he oiic-h.ill time posiiiun wiihin ilie lh.*|Miliiieiu 
■ il Ceol.-gK.il Sticntes is iriiuic* iraiL .n iIk* assist am 
ur jssix'i.ite pioicssur level with a slatting salary «l 
$12,1100 — 5I5.UUU iur the academic seal. 

Teaching loud will lie half ljul ut lull-iimc lacul- 
IV. Tlie pusiiiuii within CIRES will be as a Fclluw 
with npprupri.iic office and UbmwuN y space. Une- 
liali acMinuk year salary will lie guaranteed by 
('.IRES fur two years at the depart! menial raw, nfliT 
which iiicuinbcnt must generate his/her CIRES sala- 
ly friiin external sources. Inciimlieiii may aiigmciu 
salary fiii llier by generating three monilis uf sum- 
mer salary from contracts nnd giants, and cansnli- 

UX AniiikanH with experience. jHiUkaikm*. and/or 
niuvnulc cxlsiing resenreh cqiiinincnl preferred. 
Preferred siartiiig date would be January 1. 1 981- 
Closing date fur aijplications is October l. 1983. 

ApptlcniUiiu should include statement «r research 
and tenching imcresis, experience, a Full vnac. and 
four letters of reference. 

Apply to: Prnfcssui Clinrlcs Stern, Lhainnan, 
Geochemist Search Committee, Department orCeo- 

S al Sciences. Campus Box 250. University of 
rndn, Boulder, CO 80309. 

The University or Colorado is an equal opportu- 
nity/afrirmailve action, Section 504 employer. 


at least three references 
„ sent to : . , .. 

p. E. Nordlie ' ’ * . 

“tpartment D r Earth Sdieinei !' 

,y '■ 

i C „., A ™«ifowa5oou ‘ . 

equal oppoyiurtiiy/af 


University or Minnesota Stratlgrapher/Sedlmcntary 
Petrologlst. 1 'enure -i rack pnsiiion start ing Fall 
1984, probably nt the Assistant Pnifessur level. 1 lie 
candiilaic must have ,i Ph.D. with ini crest in stratig- 
raphy nr sedimcnlary basins, iccionics and sedimen- 
tation, and scdimciiLiiy pctrologv, ami will lie ex- 
pected in carry mu research and in leach graduair 
and undergraduate courses hi ihc-se fields. Please 
suhinil resume, uc.idcniir reemds, and llircc letters 
of rccommciidatiun in l)r. Peter j. Hmllrstou, De- 

B iulmcni oj Geology anil t R'cipliVsics, 108 Pillslmry 
[all. University ul Nfinnesui.i, Miiuic.iiiulis. MN 
55455 |6 1 11)373-3373. 

Tlie Univetsiiv is an K>|tinl Oppurliimty/Allii illa- 
tive Action Employer. 

Iowa Slate University or Science and Technology, 
Department of Earth Sciences. Applications arc 
invited for a tenure track faculty posit inn in Meteo- 
rology. Rank is at the :issistant ur .issiui.ite piuiessnr 
level, dependent upun qiialifnalions. 't he siircc-sslnl 
applicant will l>c expected m develop a strong re- 
search and graduate student program and hill leach 
undergraduate and graduate courses fin nic-l enrols >- 
gy mayors. 

The position is fni a persuii null |ithvc-ii l*x|wiiisc* 
within lhe general area of dynamic nietcoi oh >gy. 
Teaching will involve an imrleigra<liiiiic nun si* in 
synoptic meicnrulug) , in adduiou in ionises t elated 
io die held ol cvperiise. Completion of the Ph.fr. 

prim o.i appointment is si niefei red. In ad'li- 

inn. research abiliiv shown lo oilier pulilicatimis 
aml/iir [xHiiijciiii.il exjierieme will be an advan- 
tage. 

Iowa State of I vis degrees in nii-lcn mingy through 
die Ph.D. flic piogram includes ahum fiO under- 
graduate majors; ilie graduatc{rescarcli piogiam is 
strong and emphasizes theoretical, dynamic .stiidics. 
Close relaiioiisliijis arc cstahlulicd with the facilities 
and personnel of major national laboratories. New 
campus facilities for meicomkigv arc mrrenilv un- 
de i C >llMI>lt IMI 

Ilie .iiipomiiHeui isexpeiicd to begin lio Liter 
than September. 1984. an appoiiiiniciil during the 
current academic year tiuv lie imnililc. Applicaiiisn 
deadline is November I. 19H3; taler applications will 
be accepted if the pnsiiion ij not filled. For applica- 
tion in (nrniaiion please write to: 

Dr. Bert E. Nordlie 
Department or Earth Sciences 
Iowa State University 
253 Science I 
Ames, Iowa 5Uul I. 

Iowa State University is an equal opporliiniiy/aF- 
firmauve action employer. 

Research Sclenlisl/Atmosphrrlc Science/MIT 
The Center for Meteorology anil Physical Ocean- 
ography at MIT seeks applications from new or re- 
cent Ph.D. s in atmospheric sciences for a research 
position involving the interpretation or MM BUS-/ 
and SAGE satellite data on stratospheric trace gases 
and aerosols. The general aim is to Improve our un- 
derstanding of stratospheric chemistry and pr the 
three-dimensional and residual-mean tuo-dlmcn- 
ilonal transport of tracers in the upper atmosphere. 
Appointment duration Is one to three years. Fanid- 
lanty with computing techniuiies used in mulii-rii- 
menslonal atmospheric drcu&lion models is neces- 


sary. Please semi curriculum vii.ic ami names nf 
three references in: Prufcuur Hmiald t>. Prinn. r/n 
Vera Ballard, Mi l', EI9-23N. Cambridge, MA 
0*2131). 

MU' is an equal np|NirUmiiy/cillirniaiive in Lion 
employer. 

HydroIogUl/Enelneer. I'aithi|niles ill niullidis- 
cipiiiury rcsrareli [irogr.iin in Improve erosion prc- 
ilictinn anil erosion ctumol. Primary eimiliasis on 
ilrvcluiiiiicm nl hyilnilngic iiuirc-pis ami uiathrniiii- 
k.il i etilioisships needed by fimilumeniHlly fotsed 
criHiiiii/sedinicni yield models fur field sized rfieas. 
Career researili |u»iiinii sviib U.S. Depai mieiit nf 
AgriLtihiire at nalitmnl Soil Erosion laibnralury nil 
Purdue Universily c.itnpiis in West I.il.iyclle, tin li- 
ana. Minimum Sakiry: $24.D0H. I-Vn .timlii alinns, 
emit act Marie R»bo]i. USllA-ARS-N^.Rl l-M4. 2UU0 
W. Pinned- Parkvvnv . 1 ’curia, II. 61615. Tele-plume 
3115.071-7134. 

An Et|ii.il 0|ip|Mirliuiitv F.inplnyt-r. 

The University of MissourbColumbia/Faculiy 
Poalilons. 'Ilie Universiiv ol Mrismiri-Goliinibi.i 
ne|Mrlmc'iil of Geology plans immediate exii.iiiMou 
din nigh the aildiiiuii of llircc icNiirc-ir.uk f.imliy 
imiiiioiib. Appoint mcnis arc .tntii.ip.iieil .ii tin- assisi- 
aiii piofessnr level, although higher ranks ni.iv l>i- 
pussihle, beginning in August l'J8-l. C.i in In lines 
will la* ex pet lei l lit have lomplcied ri->|iiircmcius 
tor tin* Pli l). degree by ilui time F.iuillv nieiiilwrs 
ate required pruviik- i|iuliiv nisli iiilion ,n both 
utiilergi .ithiate anil graduate levels, .nnl nindnn re- 
ct-aicli le.iiliiiu «> schnl.irh publk.iirons Sur, esstnl 
i.indid.iics will be ihuSL-ti from tin- lollowiug s|>eii,il- 
lies: 

Exphn-Hlioii f divsiis 
5i>lid-Ennli (hNipliysits 
Hydrogeology 

Ana lyiical .Struct ui-aT ( Icology 
Gin i lie Sediment* dog v 

Applicants slirmhl semi resume, nansiiipis. and 
names and addresses ol ilire-c iclcrein es to-. 

Tom Freeman, Cliairinan 
frepartiuent of Geulngy 
University of Missouri 
Columbia, MO <'*5211. 

Chairman— Department of Gr-ologlcol Sciences, 
Wright State Universily. Tin Depart mem nf Geo- 
logical Sciences, invites applicationr for the position 
ufcliairnian. iu be appointed September 1981. We 
seek a dynamic individual with ad minisit alive talent 
and an appreciation for research and inaci ire- relat- 
ed educational activities. Rank is at the full profes- 
sor level jntl no rcsiritiiuns have been placed on ar- 
eas or specialization. The department is active with 
12 (acuity and an emphasis on professional practice, 
yet maintaining a firm commitment to basic re- 
search. . ... , 

Send a letter of application, curriculum vitae and 
names of ilnee references to: 

Chairman, Search Committee 
Department of Geological Sciences 
Wright State University 
Da> ton, OH -15435. 

Wright State University is an affirmative action/ 
equal opportunity employer. Closing date for the 
position is October 31, I $83. 


LEADER, OCEAN SCIHVCES DIVISION 


The Office of Naval Research isseeklngan 
outstanding Individual to serve In this Civil 

Service position In the foo 

vice. Salary range Is $56,945 to $67,200, 

depending on qualifications. 

The Leader, Ocean Sciences Division Is respon- 
sible for providing leadership, coordination and 
technical quality assurance for a $19 milfion pro- 

aram In physical, chemical, biological and coastal 
gram in pnyoi^ . meteora oev. Areas 


the accompanying computer 


o? resDorSibmty Include the development; and 
1 InS” a dynamic and ; comprehens ve 
plan for basic and applied 1 research for. 

develODlna financial support for programs derived 

continuous. process of; 


review and evaluation of Navy and DoD needs, 

Candidates should possess a Ph.D. or equivalent 
experience In oceanographic, coastal or mete- 
orological sciences, which has provided a broad 
and comprehensive knowledge of environmental 
sciences with emphasis, on chemical, biological 
or physical oceanography and/or meteorology. 
Considerable experience in administration and 
management of research and Its application to 
development Is necessary. : 

Interested persons should submit a resume 
or Standard Form 171, Personal Qualifications 
Statement (available at Federal Job Information 
Ceriters or from the address below), ,to: ■ 


i • < Jili f i 
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■^y| Water Resources Publications 


specialized publishing in water resources and related fields 


Over 100 Publications on: 

I,ydr AUUC 8 . FLUID MECHANICS - HYDRAULIC MACHINERY • 
HYjUraLABnClTY ' PHOBABUUTY AND STOCHASTIC PROCESSES . APPLICA- 
TION QP STATISTICS . RIVERS AND SEDIMENTS • IRRIGATION. DRAINAGE, LAND 
AND FORESTRY • MANAGEMENT OF WATER, LAND AND ENERGY RESOURCES • 
ECOLOGY AND ENVIRONMENTAL PROBLEMS . MINERALOGY • PROCEEDINGS 
BOOKS . CONFERENCE BOOKS » 


Write to: 

Water Resources Pub] leu lions 
P.O. Bob 2841, Dept D, Littleton, Colorado, U.8A. 80161 
or Call (303)7786686 


Secretary/Smlthsonlan Institution. Tilt* Riunl <ii 
Regents of the Smithsonian Imtiiuiiun invites ,ip]ili- 
catfons and nominations fur ihr position nf Smc- 
tary of the Insiiliuioii. As liic thief ifxrailiw ulli- 
ccr, the Secretary is responsible fur the drvrlnji- 
meniand oversight of n wide variety nf .u livings, 
including research, publishing, exhibition, ami wlu- 
cauonal programs in tlie scientes, arts, mid hisinry. 
Attendant responsibilities include? supervision nf 
museum, laboratory, and library nut-r.i lions; lund- 
raising; support services; .mil development of auxil- 
iary activities and cdticaLiunul outreach. The Sit ro- 
tary administers an annual budget ul ap|*ri>xiiii.iiriv 
$300 million in Federal appro priat inns and non -ap- 
propriated trust runda, directing .ippruxitnaicly 
3,700 Civil Service and 1 ,700 non-Fetlcra] employ- 
ees in 13 museums, a zoological lurk, utid a miiuhrr 
of major scientific research installation.' anil tut me 


Atmospheric Sclcntlit/UCLA. Tl.n n. 
ul Ainu isplici u. Siiemev hi»I it,, I .^fsnon, 


|)hy«.s and Plaiu-tai y lliysics BfeS 1 
a lemire Iml (.lwikL.Ic or full JSSS* - * 
»lty .ipp.um.nrni, ht-lnenetrEh^JVb- 
tauts with , i pi uveii rnurd nf rcsearr^' 1 " 011 ® 1 
inenis in the lu-l,l< . . * 


If! “ven rnurd nt reseattS^Z'RS- 

inenis m the l„ l,|, „} aimc«ph^&.H$ 
titale dyiunms. rat./aimnrWrc 
pl;m«-lai> alinmpheres. Tlte pSoTSSS* 
wit ipi i lent of a sit cum research 
pliasis on guidance nf graduate SiSS’Ji* 

^ Applu almns slnuild **™hasB53ft 


preset ves. The Secretary represents the Inviinilioii 
before the Congress, the Executive Branch. pinlo- 
sional societies, cducaiinnul insiiiiiiluiis, liinnilaiiuin 
and granting arganiraiicns, and ihc public. 

Candidates should have a rh.l). or i-tpii valent 
preparation In a Held of study relevant in the 
Smithsonian. Additionally, raiididales should have a 
record of superior scholarly accomplishment, a fat il- 
ity for written and oral com mimical inn, relevant atl- 
ministraiivc experience, and excepiinn.il Icadcisliiu 
ability. . 

Applications nnd no mi nations should lie sent hv 
September 15, 1983 to: 

James M. Hohblns 
Secretary to the Search Committee 
Room SI-215 
Smithsonian Institution 
Washington, D.C. 2Q5G0 
All applications and nominations will bo treated 
confidentially. 

The Smithsonian Institution is an Equal Ominnii- 
miy-Alhrniauve Action Employer. 


(Fly*™, baflala and catalogs available) 


Ajarlne Organic Chemisl. Research Associate in 
Uic ( imperative Institute of Marine and Atmo- 
spheric Sciences, University of Miami and National 
Oceanic anti Atmospheric Admin isl ration. Experi- 
ence in GC-MS-DS and sampling from ships ur air- 
cruft desired. M.S. preferred. Contact Chairman 
^Kh Committee. D.K. Atwood, NOAA/AOML, 
•1361 Rfc ken backer Causeway, Miami, Flotilla 
33 1 49. 

An Fz|ual Opjwrtuniiy Fm plover. 


sons should send a detailed resume, together with 
names of references to: Professor Karen C. 

McNally, Charles F. Richter Seismotogical labora- 
tory University of California. Santa Cruz, California 


University of California at Santa Cruz ia an equal 
opponuiiiiy/alTirniaiivc action employer. 


Research Seismologist. Tlie University of Califor- 
nia (Santa Cruz) Earth Sciences Board is soliciting 
ajipl.rjiint.s for a professional research series pasi- 
tsoii In the seisimitc.gy pine ram ,n the C.F. Richter 


tioti In the seisimitiigy program ,u Hie C.F. Rurhicr 
seismotogical Libiiratnry. Expertise is snughl in ob- 
scivai inrun ns well as in ilieuretk.il seismology, Can- 
didates should have Interest nnd experience in a 
broad range of subjects. including elastic wave prop- 
ajciilcm, synthetic seismograms, nnd the gculuuy and 
Bcwiiiotcc nmics ui the west cm United Slates, Mexi- 


Reaearch Sclentlat/Space Plasma Physics, Universi- 
ty of Iowa. A research position ia available in the 
Department of Phyaics and Astronomy, The Univer- 
sity of Iowa, for theoretical and interpretative stud- 
ies of waves in space plasmas. Specific emphasis is 
on theoretical investigations of wave-panicle interac- 
tions in planetary magnetospheres and in the solar 
wind. These investigations nrc to support the inter- 
pretation of data being obtained from spacecraft 


.. Ghdirinan 

Department of Atmospheric Sri«, 

I lilgard Avenue 
"*- Ai, ««cs 1 CA 90024 

eh 


Postdoctoral Scientist 


Seismologist. The Instituie for Petroleum Re- 
search and Geophysics in Holon, Israel, is seeking a 
seismologist to work on problems of earthquake risk 
assessment. Employment is for a period orone year 
with possible extension. Experience in statistical 
evaluation or earthquake risk is preferable but not 
mandatory. The Instil me is a government owned 
company located in a suburb of Tel Aviv. It is re- 
innntiKlfl IV»»- rw-.at i . . « ■ ■ « 


pmjctu such aj Dynamics Explorer, International 
Sun Earth Explorer and Voyager. The applicant 
must have a Pli.D. with good qualifications in nlas- 


. .... viiiivii aiiim, nivxi- 

™' V? ,llrJ J America, and ( jj iLhcaii areas. Resuun- 
sibiliucs nf tlie successful applicant will include dc- 


signing and stipe rvising research in ictiunics. seis- 
mlcity. seismic haz.irds.and strung ground ntuiion 

ana sill anrl nrcilfr linn in I ilin Ai. n J A nL r> ■. 


ina physics theory anrl shoud have some experience 
In tlie interpretation of space plasma physics data. 
Send a resume and the names of three references 


Postdoctoral scientist In x-ray astro* 
my sought for an opening In the Canta 
tor Space Research of the Massacfe 
setts Institute of Technology. Will bean- 
gaged primarily In reduction, anatok 
and interpretation of spectroscopic ' m 
I maging x-ray data from the Einstein Oh 
earvatory (HEAO-2), and In making relat- 
ed optical and/or radio observations, Par. 
tlclpatlon In other observational and h 
strumentatJon projecls posste. 
Candidates must have PhD In Physics# 
Astronomy, with relevant experience h 
observation and Interpretallon ol astro- 
nomical data, preferably In x-ray astrono- 
my. 

Please submit resume or curriculum 

vitae lo: 


_ : «..u °.. U ug aiuunu i.iuuan 

analysis and prediction in Latin America. A Ph.D. in 
geophysics or seismolugy plus experience in re- 
search nnd lead ling graduate and undergraduate 
course! in seismology are required. Interested per- 


r ii, - i — I m mi VI re.ucmci 

lamuiar with the applicant's work to; D.A. Gtimctt. 
Department of Physics and Astronomy, The Univer- 


sponsiblc Tor most of the geophysical work in Israel 
and it has an active scisniological program including 
countrywide and local telemetered seismic networks. 


. « r . . /"I ••“■■ziiwiiis, A lav WIUICI- 

Jg of Iowa, Iowa City. Iowa 522-12. telephone 519- 


Bcncfiis include relocadon expenses, housing al- 
lowance and a car. For details contact Dr. A. 


Prof. Claude R. Canizares, c/o MIT 
Personnel Office, EI9-239, 

77 Massachusetts Avenue, Cambridgr, 
MA 02139, 


The University of Iowa is an affirmative action/ 
equal opportunity employer. 


Shapira, Head, Seismologica! division, Tlie Instilinc 
Vi r ,, K°. ,,m R e«arch and Geophysics, P.Q. Itr.x 
1717, Holon 58117. Israel, telephone 03-805112. 
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Fisher lo produce. He was an early advocate 
of field reversals and by 1956 became a sup- 
porter or the continental drift concept, one of 
tlie first geophysicists lo do so. 

Runcorn did not confine his interests in the 
magnetic field to paleomagnetism but at- 
tempted with his students to understand 
111 rough model experiments on fluid motions 
in a rotating sphere how the earth's magnetic 
held is generated and propagated. It might 
be expected that after such an auspicious 
start his interest in the magnetic field would 
dissipate. However, instead of decreasing, it 
has expanded to include the generation of 
magnetic fields of the moon and in the solar 
system, which has resulted in several recent 
papers on polar wandering on the moon. 

During his career his scientific achieve- 
ments have been widely recognized by his 
peers. In 1965 he was elected as a Fellow of 
the Royal Society, and in 1971 he received 
the Vellesen Prize from Columbia University. 

I had the privilege of being one of Profes- 
sor Runcorn's graduate students from 1965 
to 1958, and during this lime 1 got to know 
and appreciate his scientific and personal at- 
tributes. His mode of operation is in many 
respects unique. He is u miring in ihe pursuit 
°F a scientific problem, and once he starts on 
one he literally thinks about it for 24 hours a 
day. He would exhaust his associates by gainer 
over the essential, of a problem at breakfast, 
lunch, and dinner as well as over a beer in 


most fortunate in having contemporaries fas- 
cinated by the problems of paleoinagnetisin: 
J. G. Graham, A. Cox. and R. R. Doell here, 
and J. A. Clegg in Britain. I was especially 
fortunate in my research students whose in- 
terests have ranged from mathematics to biol- 
ogy; among the earliest, J. Hospers, E. Ir- 
ving, N. D. Opdyke, K. M. Creer, and D. W. 
Coliinson in paleomagnetisni and F. J. Lowes, 
R. Hide, P. H. Roberts, and D. C. Tozcr in 
studies of the dynamics of the earth's interior 
nave been internationally recognized in vari- 
ous ways. This has been one of the most 
pleasant aspects of my academic career. 

r.L 1 ^* 2 . 11 mcelin 8 Dr - Fleming at the first 
IUGG that I attended, in Oslo, 19-lB; lie 
showed a slide of the westward drift of the 
geomagnetic isopori c foci (1912-42) from [he 
geomagnetic maps which the Department of 
Terrestrial Msgnciism find compiled. This re- 
discovery, Blackett's speculative theory of die 
main geomagnetic field, and W. M. Elsassei’s 
and E C. Bullard’s dynamo theory— all in \\ l{1 
immediate postwar years— reopened a subject 
which had been essenLially dead for a ovet a 
centuiy since Gauss's work. 

We started our palcoinagnoiic work in Brii- 

atn Willi the founflsuirmc ..I....- r 


■„ ... r _ — worn m uni- 

ain with ihe foundations of the physics or the 
subject well laid by E. Thclller, T. Nngatn, 


plialically, “I believe in giving the young thf 
opportunity to put their ideas forward." This 
has heeu a 1 1 uiract eristic of AGU and, nhtiu 
lew years later, we tlimiglu ii timely iosetup 
die European (ieojiliysical Society, we tool 
many ideas limn AGU, and both iheprriw 
and past Executive Secretaries and other offi- 
cers have licet) most helpful. 

One on glu not lo boast about one’s 
achievements on such an occasion, but 1 (fr 
iicri resist: My early collection of rocks into 
(•rand Canyon established the basic prinripi 
of paleomagnelic research which has been 
followed by its practitioners ever since; ow 
should only collect nicks in beautiful phtw 
far from one’s home base. Dr. Opdyke, 
whom I would like to have thanked in pnwn 
Tor his citation, was a good student: He a* 1 
present in China. Thinking of the farananni 
palcoinagiietic sessions in recent AGU nieet- 
ings, it is most fommalc that, for thiseanj 
coinpin ison of U-S. nnd British nolar 
ing curves, I did not choose to do it inoj* 
tlie displaced terrains «r the northwest ol 
continent; I would have set buck ihc mop 
for 2(1 yearsl 

S. Keith Ruurt" 


S. Keith Runcorn 


m uvci u ueer in 

1 1 j P ub .‘ U ran be ver >' e xhausting. 
Undoubtedly, the most valuable lesson I 
learned a, a student was that once you have 
determined that your experimental data are 
sound you must then drive the data to their 

Irtmral rnur n* i _ __ > 


Citation 


. ~ y,,it “it udiQ to ineir 

logical conclusion and support that condu- 


Professor Runcorn's career began on a 
rather auspicious note. In the late forties, a, a 
grad time student under Professor P. M. S. 
Blackett at Manchester, Runcorn demonstrat- 
ed, along with nthers, that the intensity of the 
earth s magnetic held increases os you go into 
the earth. Tli is was an miLconic contrary to 
what Professor Blacken had predicted as a 
result of his theory on the generation of mag- 
netic fields by rotating bodics-in this case, 
Ihc earth. 

After his graduate studies in Manchester. 
Protestor Runcorn returned to Canibridae 
where lie became a Fellow of Gunville and 
Gams i College and Assistant Director of Re- 
search in Geophysics. Professor Runcorn and 
his students immediately set up a laboratory 
tor the sliiflv nf ■!->» .f 


I dliu UnpODU- 

larity. During the time I was Professor Run- 
corns student, he championed continental 
drift in opposition to what was essentially a 
host ilc scientific community simply because 
that is what the data were saying. i n t | le end, 
ne was shown to he correct. However, it re- 
quired a strength of character that Tew of ns 
possess. 

In view of his many contributions to under- 
standing the earths magnetic field and mag- 

EE 1,islor y ^ solar systems, 

ns deur that Professor Runcorn richly de- 
serves the John Adam Fleming Medal. We 
are confident Lliat lie wifi be a fruitful con- . 
tribuior to tlie field for many years to come. 


_ 7 , kI , , j — > • ixiiuiitn. 

and L. Neel, but in our mosL optimistic mo- 
ments we could not have imagined the won- 
derful developments which have occurred 
not least m recent years and in the sop|,i a ,ica- 

hfnTiTT 1 techniques and analysis 
n the detailed geological applications. We 
were like archeologists who, stumbling over a 
tew stones, began to excavate nnd, joined by 

f‘ h '7'“ n “ v ' rcd a whole new civilbalion. In 
tact the field has now become very crowded 
jmd compemton great, and a few of us, 
tocked by NASA, have sought refuge in the 
moon, where paleomagnetism is now reveal- 

ev?n oMer r onel g 8 “ ** an 

to nnlPn 17 ^ 8 Ve °' 8 ener °us citation refers 
wereKlv», J 38 n °! sur P r Wng that many 
?° ut P aieo magnet ism; how 
extraordinary that such a feeble force as the 

EEC* field Shoi,ld have such a 

lastmg impnm on rocksl Professor L 


Membership 

Applications 

Received 


Applications for membership * iav T 
ceivctl from the following indiriduak, 
letter after the name denotes the P ro rT 
primary section affiliation; the letter A 

L _ i ««don. 


primary section amiiauon, uw 

notes the Atmospheric Sciences * Kl10 Lj- 

which was formerly the Meteorology 


„ r ----- — I I ‘J lessor L. 

Swh l f P C ^° f man y distinguished geolo- 
psts who Jielped us, once said to us; "Wlien I 
was a student, rocks just contained mineral; 

UhroV, b ,l gari i reaearch 1 lea, ned lo my asion- 
Ishmenithat they emitted radioactive LnT 

cles, now you are telling me they possess lines 
thilTgsr- 1 C ForC6 “ rot * 8 are wonderful 

532*5 “°:! ha ' ** 


Neil D. Opdyke 


Jor tlie study of the magneusm of rocks using 
Ihe penjuuve astatic niagnciometcrs developed 
by the Blackett group for research on the 
magneusm of rotating bodies. 

d !! ri,, K ,},is Period from 1950 to 
1955 that Runcorn and his siudenu laid the 
groundwork for understanding the history 
and origin of the earth's magnetic field. He 
argtied for and presented daip to demon- 
strate, that the earth’s magnetic field averages 
to a geofemrfc axial dipole. With his students 

he DrodurMt slip Hm . ..... I ' 
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he produced the first polar wandering 
based on a ttew statistical technique thi 


dinioue that he 
ul Su’/Ronald 


Prestdem, Ladies, and Gentlemen, 

I am greatly honoured to receive the John • 
Adam Fleming Medal. This award reflects 

J was mpst fortunate in. those English scien- : 
Wte, especially Professor P. M. S. Bkckett ' Sir- 
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Announcements 

Magnetospheric Systems 

A conference on the ionized environments 
nf Dlsneiary, astrophysical objects is being 
& for the summer of 1 985. The mccl- 
L oiled ihe ‘'Colloquium on Comparative 

Study of Magnetospheric Systems." aims in 
provide a comparative interdisciplinary ex- 
change on topics such as planetary magneto- 
spheres. pulsars, and quasars. Emphasis will 
be on the common physical processes occur- 
ring in astrogeophysical systems. 

Among the proposed topics for the meet- 
ing are tlie terrestrial magnetosphere; mag- 
netosphere of giant planets; magnetosphere 
of pulsars; plasma environment of iinmagne- 
liud planets; origin of magnetospheric plas- 
mas; comparaiive study of plasma circulation 
inside magnetospheres; coupling between 
magnetospheres and external sources (includ- 
ing dynamical properties of plasma sheets 
2nd magnetospheres as plasma sources inside 
stellar winds); coupling between magneto- 
ipbf res and internal sources (including origin 
2nd structure of the auroral arcs, electron ac- 
celeration processes inside localized struc- 
tures, and ion acceleration); electromagnetic 
emissions from pulsars; the sporadic radio 
emiaiun from planets; and ultraviolet and 
optica] emissions. 

For additional information, contact Domi- 
nique Le Qudatt and Bent Mooller- Pederson, 
DASOP, Observatoire de Metidon, F 92195. 
Meudon Principal Cedex, France (Telex: 200 
590CNETOBS). 


Sediment Congress 

The 12tlt International Sedimeniologkal 
Congress, entitled "Sediments Down-Under.” 
will be held August 25-29, 1986. in Canber- 
ra, Australia. In addition to the scientific pro- 
gram, seven short, geological excursions are 
planned. 

Among the topics to be covered are ancient 
and modern arid environments; low-gradient 
river systems and their sediments; sedimenta- 
tion in tectonically active areas; catastrophism 
in tlie sedimentary record; volcanogenic sedi- 
ments; tropical weathering; diagenesis in 
evaporitic sequences; manganiferous sedi- 
ments; reef carbonates; and weathering and 
economic geology. 

Depending on the interests of the partici- 
pants, 19 field trips (each I to 2 weeks long) 
will be organized for before or after the con- 
gress. 

Australia provides .1 varied sedimentary re- 
cord. The Archean and early Proterozoic sed- 
iments of western and northern Australia 
provide evidence of some of the earliest life 
on earth. The classic exposures of (he Flin- 
ders Ranges of South Australia provide a 
good record oF late PreCambrian metazoan 
evolution. And some of the world's most 
complete Lower Paleozoic cratonic sequences 
are found in the Amadeus and Georgina Ba- 
sins. In addition, the world-famous Devonian 
reefs of die Canning Basin provide an oppor- 
tunity lo examine a major reef system. 

For additional information, contact Gra- 
ham Taylor, P.O. Box 1929, Suite 19, BMI 
Building, Canberra City. ACT 260], Austra- 
lia. 


Plan to Attend 

The AGU Chapman Conference 
on Magnetic Reconnection 

October 3-7 

Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

Convenor: E. W. Hones, jr. 

Magnetic Recunnectlun was identified 5 years ago, in a study sponsored by the NAS 
Space Science Board, as a problem vital to further understanding of space plasmas and 
having Important implications beyond the study uf solar system plasmas. The forthcoming 
conference examines our present understanding of magnetic reconnection ns a physical 
process and our perception nf its roles In planetary and stellar magnetospheres (particularly 
those of die earth and sun) and In laboratory and fusion research. Specifically, there will be 
sessions devoted to theory, modeling, earth's magnetopause and mngnctutail (including 
talks on 1SEE 3 observations in the distant tail) , fusion research, and astronomical objects 
(sun, cumcrs, and Jupiter). 

The registration fee, $65 ($32.50 for smdents), includes the conference banquet and 
picnic. 

Some student travel funds still remain. To apply, write to Magnetic Reconnection 
Meeting, American Geophysical Union, 2000 Florida Avenue, N.W., Washington, DC 
20009, giving your cdiicaciunal background and your research interests. 

Write or telephone the convenor (505-667-4727) to obtain copies of the program, 
registration and huuslng forms, ur other information. The deadline for hi mslng reservations 
is September 9; the deadline fnr meeting registration is September 19. 



Separates 

Ta Order: The order number can be 
found at the end of each abstract ; use ail 
digits when ordering. Only papers with 
cider numbers are available Irani AGU. 
Coif; $3.50 for the first article and $1.00 
for each additional article in the same or- 
der. Payment must accompany order. De- 
posit accounts available. 

Send your aider to: 

American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 


Exploration Geophysics 
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Hydrology 

Jl’J.'hWr 5u s [ lty 

C0STS 0F ’-miNS TO NEUTRALIZE 

C Wf r SURFft te “teRS 

T«ji. (Economic a Oept., Clarkson College 

(Igitr! u 676 ), and Charles T. Driscoll 

4nd costs aro presanted for 
"•alrai | , * n ** J? 0 ‘ 6S5 Adirondack lakes with add 
^Motions “ psclt )[ (“E) values s 20 D uaq/t. 

19 Wile*. , we using calctun carbonate (CaCO.) 

and of tar aet levels of AHt for om-, j 

fcw pnrlods of base application. 

,ncluded twth aqueous and sediaent 
mtllon D n “i ,m4led “ st * f ® r * five-year base 
r9 "?8 froo. M0 to S75 per surface 
t» hactaro (ror, (450 to (575 

path, rnj '*!■« (In 1987 dollars). The 

f,rd, lfaranf f. t,VBness of neutral (zing lakes 
“liana a^l t ! me . [ * r1od5 “* "va lusted by the 
Si T ethod - 0,8 as tt mates 

' r "dloaicai * 3T lnt *tratlve costs, costs of 

S* 516 ' 9 adlaJwlri detenntn4 bi *« dosagas, 
f*ttdt c sf fects of chenlcal traatunt 
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iioppoO down to the angular aperture of the opaque 
dot, produce! a dark flald on ahlch the letage of tho 
Crogaiont la outlined In diagnostic dlaparalon color. 
Prorlnlun of rafroctlve tndea dote ml not Ion b> I his 
tochnlquo, about iO.QOI under routine controlled 
condlt Iona, la similar to that of the convent |. mat 
Back? lino technique uflng acinc-chromai U yal low 
IlluBInnllon. Houovur. It haa the udvantngas that 
III near the natch tha direction and approalMte 
eanunc ol ailiaacch Buy bo Inferred fren tha 
dlaparalon color of tlw lra|i alone without tha oood 
for manipulation ef the focui, (ii at the nidi tho 
ntcrof ragaiant le clearly viatbla, and ()| reaul'.a 
are obtainable even in rha presence of an 
appreciable eocunt of Indus Lons or apactlLc 
Jbicrpt tna (body color) In tha fragment . 

(Raf roc live index, focal oaak lag, dlaparalon 
■mining). 

Am. Hln. , 58, 9-10 


Oceanography 


4720 Proportlaa of nlnarala 

WATER IR HINQALSI A PEAK IR THE IN7RA&K0. 

R. D. Aina* and 0. R- Roaaaian (Daparraaot of Geological 
and Planoc«i7 Soiancaa, California Inacltute ef 
Technology, Paaadena, California, B112S) 

The atudy of water In a [nor ala with Infrared apeotro- 
acopy IB revlavsd with enphaali on natural and ayatha- 
tta quart*. Water cno bn rocognlaed In nlnarala oa 
fluid Indue loan and aa Isolated molecule* , and Can ha 
dlatlngulahod Iron hydroxide Iona. The distinct leu ba- 
tman wry a mall Inclusions and aggragacaa or «ruc- 
turally bound awl.culsi is difficult. Haw atudloa of 
aynthoclc quart! uelni oaar Infrared apactroecnpy era 
reportod. These daaunacrata that water molaculaa are 
the dominant hydrogan-eantalnlni npeclan In synthetic 
quarts, but that thin water la not In aggragataa inrgo 
enough to ram toe whan cooled, (quarta, water, Infra- 
red ipoccroeccpy) . sainns 

J, Oeophya. Baa- , Rod. P, P" C 3Rl»z 

kTOO InatnaiantB and Taohnlquaa 

OH lUTERPOlATlBO 0APPT RECDHD8 FOR TDffi-SBaH 

V?*8turgaa ( Ocoahograptv Dapertoant, Horldn State 
Onivaratty, Tallahaanaa, Pt JZ305) „ 

Per eha cere of a wall ta«a data ' 9 

Carlo toohnlqua la uaad to aatlnata 

BtlUto sathod will raeonatrat tho original J 1 * 8 

gar, are put In randcmJjr, to a»w tho U,B 
npeotral aralyala oathoda. A ganarnl 
the advaraa of foe to cf tha e«P« 

for the Buell" at porcentnga* or data lost, and tatar 
deoroaaa, Tha ra.ulta depend very 
amount or povar In the rraquwoy hand of lntaraat, 
relatlvn U- the ponr nt other fraquanolos. Tor u 
stroPR signal, rising "U above the backtrouadi I fc 
wsa found that a loan »t da' U or 
length of tha holan la only 1/3 to 1/2 the pwioo or 
lntaraat will still allow an Mtlsite of phaaa to 
tbTsttf aonfldonce tenl. ^ 

fUBOtlon of the atrongth of Lha olgnal, the hih o 
the gape and aaoimfc of data loat, 

J, Caophya. Ran., Green, Paper 3CIIM 

Particles and Fields — 
Ionosphere 

msjajm ^ .7K5 

S,r^AS3M 

Urgn aapLltuda Inn . 

BSSSsm&L* 

ssiMS^iassr. 

da realdtlvlty, aurpr*! *ecaUr«tWO, par 


Simulation performed with the Rice University Convic- 
tion Model [Haral el at., mid). Pedersen , Hall, 
fl eld-aligned, md ring currents are included in the 
Rice Convection Model , hut oarth currants end pal dr-cap 
Currants are nut. A Blut-Murt routine «as used lo 
Integrate over the aiodel current sjrsten and ccnpute 
vector oignetlc fields Aj at 96 grid points an the 
ground. At NWA. Current J and nlnctrlC-Meld { dis- 
tributions were derived using the conductivity nodel 
and ground values provided by Rica. Plots of J 
end | ware then oechenged - ana set giving thn Rlce- 
coeputed J end j on which me 'theomticAl magnelmoter 
dati' wara bised, and one set showing j and | caaputed 
at H0AA by inversion of the 'nagnatometar data." At 
aurorgl latitudes, where currants md electric fields 
are strongest, the i and X plot l are In encouragingly 
good egreanent, with total poler-csp potent ial drops 
agreeing to tetter than 101. Total elettfojel 
strengths eltlnaied from the »RM Inversion algorithm 
average aooul 0.84 of the electrojet strengths In the 
source-current attribution. Overall, the test con- 
firms the ability ol the algorithm to deduce patterns 
of auroral larfiiphorle currents, Blrkeland currents, 
and electric Molds reasonably well from ground-baled 
magnetic data, when the lonosphirlc conductivity Is 
known. 

J, Gaophya. Haa., Blue, PapeT 3A1I76 

SS3S Interact Iona fiatueeu Waaa* and Pact Idea 
HAUOV SfECTUL PEAKS IB ELECTIONS PIZCIPIIATUG PXW 
THE SLOT REGION 

W. L. label {Lockheed Pula AIM Rataarch Ufanratocy, 
a/ 235 , J2-12, J251 Hanover It., Milo Alto, U M3M), 

J, B, Raagan, I, E. Galana and R. R, Andaraoa 

Narrow L-dapaadant paaka coBBOaly occur In Cbn 
anargy npeotra ol electron! precipitating froa the 
lour rad latino bait at L ! 1,1 ■ I.BS aod tha eau.a ef 
tbi peaki hu been attributed to cyclotron ralMiaote 
interactions with wane generated by TIP crinaalttara. 

In aba llol raglon IrdapeadaDt paaka haw* alao bean 
reported at L Z 1 - l.S but U»aa have bean pradu- 
laataly wider and canalllut with tbalr origin bales 
eyelet ran reiwiince luranetloaa Involving na totally 
occurring Uaa. Rara, wi lavaatlgaca the lofraquent 
occnrranra of narrow paaka In alectrou peatl pita ting 
Kill, Proa coordinated wave and plaeu daailty 
liaauteMUta It la found that If tha narrow peaks era 
f oca ad by first order cyclotron raaeoact Intnraetlena 
occur ring clcaa to tha Hgnetle aqua tar batwain 
oirrow-band wavaa and tha (rapped alaetran population, 
than tha equatorial plaice denaLty gradient! i era 
unusually ataap. This fladloi 1» cooalatent with cbe 
avldauca pravloualy ebralaad br othar Mda^uei for 
atructured plana danilty proltlaa In «h*t ‘boll 
lagloo of apart. ...... 

J. Gaophya. Baa., Blue, Pkpar 3A1I92 7/21 

Particles and Fields— 
Magnetosphere 

jysn Nam notion, convection, or circulation. 

CHARACTER! ST LC3 OP THERHAL ABD ■DPU™“^ C ™“ 

UTED WITH THE DATS t IS PLASMA TROUGH ™ 

DYBAKICS EXPLORER RETARDING UN Mass SPICTIWETE1 
j. J. Sojka (Center for Ateoapberlo end Bpeca Icl«««a, 
Utah State Iklvanlcy, Lo|«a, Dtah 8*112), »• »■ Sehunh, 

J. y. R. JofriHB, J- H. Waite and C. X. Chapp*» 

The Betnrdlmg loo Kaaa Spoetromler (RIK3) luatnmoot 
M Dynamic! Eaplorer-1 haa carried out high altitude 
maeureaMta of the point wind. During an Outbound peas 
through tha cuter pUaeoaphare enf pleaae trough at MW 
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tlnet populatloo* ware obiarvadt (1) therm* I 
and HaT^WIlk danalllea ranging l» > Sj 

1 Ion /cm 1 , taaparatoraa aiood 3 eV (ZO.DOO 0 *), and B* 1 / 

Ha* daoaltp rat lea at * to A, (2) .wan an lent re pic plana 
with danattUa ranging fro. 1 to U Ijaa/e^, Eneptra- 

tore* between U and IS aV, aad EVH^danaltj jatloa df 
p!ree », (3) them I f laL4-alll»*<l H* and Ha Inn 
. Ktiial dlaplaplog hblb a login atreoa and Mont era train- 
ing flow charactarlatlea— tha.polpr J 1 ?! ZSTUT 
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■ Ha* atroaalcg dlatrUnitloai ladleaEe.a aaparaonfo flow 
although' tba 'data eionnt be Interpreted anaablguoualy. 
TWa reeprabanilve.Reaauraaiati ef tMMl ,U J“* 

Oirmlfdaaei eharaeterUtlee aao Interpreted In terea 
ef plaaamphar* feflUiog protean*. 
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rlcga. va praeant a brief description of ihta ex- 
par loose along with datalla of tha data reduction. Hi# 
occulteiloa result* no given to tehuUr and graphical 
[oio at a raiolut len ef 6Q ka. Uletogra» of the fra- 
quancy of optical depth show doolnantly unlb'Jal dla- 
trLbutLOiia In each of thn cleialcal ring elen.nn. Tho 
frequency diet r lb ut Ion of the or>tlre ring ovatca above 
thrro audea at i*0.0B, I’O.i, end I ? Z.50. 
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The aharp, SO ka wide tranalelon froo an optical 
depth of 0.2 In tha C ring to 1 It the I 'In* 
big In* at Sl.SM) ka froo Saturn'* center. Thin 
radlua 1* found to be alnnac exactly at the tnvird 
(lability Holt of charged particles launched In 
tha ring plana at tha local Kapler velocity, 
provided these particles have large charge to cant 
ratio- Tha aonal ha toco lc nodela of Batura' a 
rugnacic flald Iron the Voyager data and cha 
gravitational field oodol froo Plonaor data ora 
ainentLal to gat tha very clone agreement baivaan 
theory and ohaarvaclos- The thaoreclcal atabllltT 
Haiti are 11,27)1 1(1 ka lrtra Voyagar I oagaeilc 
flald data aod Bl.BSItUS kn Iron t'oyagar 2 
■agnatic data. The cecal harmonic npiltlt flald 
Mae* are cot perpendicular to aha ring plant- 
Tharolote In add l ton to tha mgneclc mirror, 
gravitational, aod cent rlgusl forces, an uokcevn 
forea mat bo poetulatad eo produce aqullhrlua In 
the ring plans and nake (he at ability calculation 
□aanlogful . 
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• The most comprehensive analysis, 
conclusions, and speculations available 
anywhere regarding selected key 
regions within Southeast Asia. 

• Expands on previous studies completed 
since the publication of G.M. 23 “The 
Tectonic and Geologic Evolution of 
Southeast' Aslan Seas and Islands - ' 
(1980). 

• Spans an unusually wide spectrum uf 
disciplines . . . geochemistry, soismih 
tectonics, stratigraphy, iwlvomagneiics. 
arid mare. 

• integrates vital information from both 
offshore and qnshure Investigations. 
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